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ACRONYMS AND ABBREVIATIONS 

°F degrees Fahrenheit  

AH animal hospital  

Am-241 americium-241 

AOC Administrative Order on Consent 

ASER Annual Site Environmental Report  

bgs below ground surface 

Bi-212 bismuth-212 

C-14 carbon-14 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CFR Code of Federal Regulations 

cfs cubic feet per second  

CHE Center for Health and the Environment  

CLP Contract Laboratory Program 

cm/sec centimeters per second  

Co-60 cobalt-60  

COC constituent of concern 

Cr-VI hexavalent chromium 

Cs-134 cesium-134 

Cs-137 cesium-137 

cu yd cubic yards  

D&D decontamination and decommissioning 

DB distribution box 

DCG derived concentration guide  

DDD dichlorodiphenyl dichloroethane 

DDE dichlorodiphenyl dichloroethylene 

DDT dichlorodiphenyl trichloroethane 
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DI WET deionized water waste extraction test 

DL designated-level  

DOE United States Department of Energy  

DSS domestic septic system 

DSSI domestic septic system investigation 

DST domestic septic tank  

DTSC California Department of Toxic Substances Control 

EDP Eastern Dog Pen 

FFA Federal Facility Agreement 

ft feet 

g/cm3 grams per cubic centimeter 

HEPA high-efficiency particulate air 

HI hazard index 

HQ hazard quotient 

HSU hydrostratigraphic unit 

ILM inorganic laboratory method 

IRA interim remedial action  

IT Corp. IT Corporation 

K-40 potassium-40 

Kd adsorption coefficient 

keV kilo-electron volt 

LCL lower confidence limit 

LEHR Laboratory for Energy-Related Health Research  

LF landfill 

LFI limited field investigation 

LLW low-level waste  

LS lift station  

MCL maximum contaminant level  

mg/kg milligrams per kilogram  

mg/l milligrams per liter  

MOA Memorandum of Agreement 
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mrem millirem 

mrem/yr millirem per year  

MWSF Mixed Waste Storage Facility  

NCP National Contingency Plan  

NESHAPs National Emission Standards for Hazardous Air Pollutants  

NLT Northern Leach Trench  

NPL National Priorities List 

NUFT Non-Isothermal, Unsaturated-Saturated Flow and Transport 

OLM organic laboratory method 

OSHA Occupational Safety and Health Administration 

Pb-210 lead-210 

Pb-212 lead-212 

Pb-214 lead-214 

PCBs polychlorinated biphenyls 

PCD Putah Creek downstream  

pCi/g picoCuries per gram  

pCi/l picoCuries per liter 

PCU Putah Creek upstream  

PEL permissible exposure limit 

PM10 particulate matter less than 10 microns in diameter 

PNNL Pacific Northwest National Laboratory 

PRG preliminary remediation goal 

Pu-241 plutonium-241 

QA/QC quality assurance/quality control 

RA removal action 

Ra/Sr radium/strontium  

Ra-226 radium-226  

RAGS Risk Assessment Guidance for Superfund  

RAO removal action objective 

RAS removal action standard 

RBAS risk-based action standard 
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RCRA Resource Recovery and Conservation Act 

RESRAD Residual Radioactivity (model) 

RI Remedial Investigation 

RME reasonable maximum exposure 

RPM Remedial Project Manager 

SC screening criteria 

SLT Southern Leach Trench 

SOP standard operating procedure 

Sr-89/90 strontium-89/90 

Sr-90 strontium-90  

STPO sewage treatment plant outfall  

SVOC semi-volatile organic compound 

SWRA Site-Wide Risk Assessment 

SWT Southwest Trenches  

TDS total dissolved solids  

Th-228 thorium-228 

Th-230 thorium-230 

Th-232 thorium-232 

Th-234 thorium-234 

TLD thermoluminescent dosimeter 

TPHRL Toxic Pollutant Health Research Laboratory  

U-233/234 uranium-233/234 

U-235 uranium-235 

U-235/236 uranium-235/236 

U-238 uranium-238 

UC Davis University of California, Davis  

UC University of California 

UCL upper confidence limit 

USDA United States Department of Agriculture 

US EPA United States Environmental Protection Agency  

VOC volatile organic compound 
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WDP Western Dog Pen 

WRS Wilcoxon Rank Sum  

µCi/ml microCuries per milliliter 

µg micrograms  

µg/kg micrograms per kilogram 

µg/l micrograms per liter  

µg/m3 micrograms per cubic meter  

µm micrometers 
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EXECUTIVE SUMMARY 

The purpose of this Remedial Investigation (RI) Report is to summarize the results of all 
environmental investigations conducted at the Laboratory for Energy-Related Health Research 
(LEHR) Federal Facility in Davis, California.  The LEHR Federal Facility Agreement (FFA) for the 
Site identifies the Southwest Trenches (SWT), the Radium/Strontium (Ra/Sr) Treatment Systems, the 
Western and Eastern Dog Pens (WDPs and EDPs), the Domestic Septic Systems (DSSs), and the 
United States Department of Energy (DOE) Disposal Box formerly used by the DOE for radiological 
studies as potential source areas for environmental releases.  The LEHR land is owned by the 
Regents of the University of California (UC) and was used by DOE from 1958 through 1989.  DOE 
is responsible for the environmental restoration of the LEHR Federal Facility, which was listed on 
the National Priorities List (NPL) in May 1994 as the LEHR/Old Campus Landfill in Davis, 
California.  The University of California, Davis (UC Davis) is responsible for environmental 
restoration of the Old Campus Landfill areas of the NPL site.  DOE is also responsible for 
monitoring storm water runoff from DOE areas.  Based on a Memorandum of Agreement (MOA) 
between DOE and UC Davis, the Old Campus Landfill areas include three landfill disposal units, 49 
waste holes, disposal trenches, ground water and Putah Creek.  Because UC Davis Landfill Disposal 
Unit 2 underlies the LEHR Federal Facility EDPs, the remedy UC Davis implements to address this 
landfill will also address the EDPs.  UC Davis and DOE are working on Draft MOA Amendment 1, 
which addresses the agreement for environmental restoration activities for this area.   

For consistency with the FFA, the term “LEHR Federal Facility” is used in this RI report to 
refer only to those areas for which DOE has environmental restoration responsibility.  The term 
“LEHR Site” refers to the area defined by the NPL as the LEHR/Old Campus Landfill site, which 
includes both the LEHR Federal Facility and the Old Campus Landfill areas.  The term “LEHR” 
refers to the land and improvements located within the boundary line shown on Figure 1-2 of this 
document. 

As an NPL site, the LEHR/Old Campus Landfill environmental restoration must be 
conducted in accordance with the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), the National Contingency Plan (NCP), and Superfund guidance and policy.  
Therefore, this RI Report for the LEHR Federal Facility was prepared to fulfill the requirements of 
Section 300.430(b) of the NCP.  UC Davis is preparing a separate RI report for its areas of 
responsibility in the Old Campus Landfill areas.  UC Davis, with input from DOE, will use 
information from both RI Reports to prepare a Site-Wide Risk Assessment (SWRA) that addresses 
the risk presented by the combined LEHR/Old Campus Landfill Superfund Site.  The results of this 
SWRA will be used to determine what, if any, additional remedial measures are needed to reduce 
risk to acceptable levels.  Because a SWRA will be prepared as a separate document and will include 
both UC Davis and DOE source areas, this RI report deviates somewhat from the RI contents 
recommended in United States Environmental Protection Agency (US EPA) and DOE guidance in 



DOE Areas Remedial Investigation Report Executive Summary  
LEHR Environmental Restoration / Waste Management  Rev. 0  9/18/03 
DOE Contract No. DE-AC03-96SF20686 Page S-2 of S-5 
 

J:\DOE\4007\110\RI_PLAN\0918_REV0\0918RIR.DOC WEISS ASSOCIATES Project Number:  128-4107 

that: 1) discussions on contaminant fate and transport evaluation and conceptual site model 
development are limited to DOE source areas; 2) constituents of concern (COCs) identified in this RI 
report are subject to change based on future risk assessment, and, 3) discussion of risk assessment is 
limited to a brief description of the risk-based action standards (RBASs) developed to guide removal 
actions (RAs).  Although future risk assessment will replace them, the RBASs provide a useful 
reference for results presented in this RI. 

LEHR is a 15-acre facility that contains laboratory buildings and former animal-handling 
facilities that were used by DOE.  The Atomic Energy Commission (now DOE) began conducting 
radiological studies on laboratory animals, particularly beagles, in the early 1950s.  Initial studies 
were carried out on the main UC Davis campus and involved the irradiation of beagles.  DOE-funded 
research activities at LEHR began in 1958.  Research at LEHR through the mid-1980s focused on the 
health effects from chronic exposure to radionuclides, primarily strontium-90 (Sr-90) and radium-
226 (Ra-226).  In the early 1970s, a cobalt-60 (Co-60) irradiator was constructed at LEHR to study 
the effects of chronic exposure to gamma rays on bone marrow cells of beagles.  In 1975, DOE 
initiated a program at LEHR to study the potential health effects of combustion products from fossil 
fuel power plants.  In 1983, the Toxic Pollutant Health Research Laboratory (TPHRL) began 
operating at LEHR. 

All DOE-funded research activities at LEHR ceased by 1988.  Environmental investigations 
began as early as 1984, building decontamination and decommissioning (D&D) began in 1992, and 
CERCLA RAs began in 1996.  DOE plans to complete all LEHR Federal Facility environmental 
restoration activities by 2004.The potential contaminant source areas identified at the LEHR Federal 
Facility are: the Ra/Sr Treatment Systems, seven DSSs, WDPs and EDPs, the SWT disposal area, 
and the DOE Box disposal area.  These areas have been the primary focus of DOE waste/soil 
investigations at the Site, and are the focus of this RI Report.  In addition, DOE air and storm water 
investigations to evaluate site-wide impact from LEHR Federal Facility operations are also 
summarized.  Ground water and surface water (Putah Creek) investigations conducted by UC Davis 
are also discussed as they relate to potential impact by LEHR Federal Facility sources. 

To date, five RAs have been conducted at the LEHR Federal Facility: a time-critical RA in 
the DOE Box area, and non-time-critical RAs in the SWT, Ra/Sr Treatment Systems, WDPs, DSS 3 
and DSS 6 areas.  These RAs have eliminated significant waste and contaminated soil; therefore this 
RI Report bases conclusions on those data representative of post-RA conditions.  However, pre-RA 
data collected after the LEHR Site was listed on the NPL and in accordance with CERCLA are also 
summarized, and additional data that were not collected under CERCLA are referenced as 
appropriate. 

To help guide LEHR Federal Facility RAs, DOE conducted preliminary risk screening that 
included: 1) developing statistically-based, site-specific background concentrations for all 
constituents of concern (COCs) in soil;  2) developing RBASs for COCs in soil for three separate 
scenarios: on-site researcher, east residential farmer and south residential farmer; the RBAS 
development included  fate and transport analysis, exposure pathway evaluations, exposure scenario 
development, and risk calculations; 3) setting the higher of background and lowest RBAS as the RA 
standards (RASs) for each COC; and, 4) conducting designated-level (DL) analysis to assess 
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potential impact to ground water by any residual COCs.  Although the standards developed through 
this risk screening were specifically for guiding LEHR Federal Facility RAs, the approach used to 
develop the RASs is based on the US EPA Risk Assessment Guidance for Superfund (RAGS). 

To evaluate the post-RA nature and extent of soil contamination, residual COC 
concentrations were compared to the site-specific RASs, US EPA Region 9 preliminary remediation 
goals (PRGs), and DL modeling results for ground water impact at background and maximum 
contaminant levels (MCLs).  Potential ground water impact was also evaluated by comparing COC 
concentrations in ground water downgradient of each source area with background ground water 
concentrations.  Results for the DOE source areas are summarized below. 

• Ra/Sr Treatment Systems—The human health risk analysis using the site-
specific RBAS indicates the cumulative cancer risk associated with Ra/Sr 
Treatment Systems area soil has been reduced to a nominal range of 10-4 to 10-6 
and the non-cancer hazard quotient (HQ) for all COCs with the possible 
exception of mercury (Hg) were reduced below 1.0. The concentration 
distribution of driver COC Ra-226 in post-RA samples was indistinguishable 
from background.  All Sr-90 concentrations were below the site-specific RBAS 
and industrial PRGs.  The third driver COC, nitrate, was detected above 
background in only 8 of 68 samples, although several of these concentrations 
were significantly above background.  No RBAS has been calculated for nitrate. 

Based on DL analysis, nitrate and carbon-14 (C-14) remaining in soil in the 
Ra/Sr Treatment Systems area may impact local ground water above 
background and the MCLs.  Ground water results from the nearest downgradient 
well suggest that actual impact, if any, from these COCs in Ra/Sr Treatment 
Systems area soil has been minimal.. 

• WDPs—Based on all CERCLA data, all significant contamination associated 
with the WDPs area has been removed.  The human health risk analysis using 
the site-specific RBAS indicates the cumulative cancer risk has been reduced to 
a nominal range of 10-4 to 10-6 and the cumulative non-cancer HQ was reduced 
below 1.0.  The concentration distribution of driver COC Ra-226 was 
indistinguishable from background.  All Sr-90 concentrations were below the 
site-specific RBAS and industrial PRGs. 

Based on DL analysis, it appears that COCs in WDPs soil have not, and should 
not in the next thousand years, have any significant impact on ground water. 

• EDPs—Only Sr-90, chromium, hexavalent chromium (Cr-VI), seven pesticides, 
and two polychlorinated biphenyls (PCBs) were detected above background 
levels in EDPs soil.  Of these, only the pesticide dieldrin exceeded its site-
specific RBAS in one or more samples.  Dieldrin also exceeded its residential 
and industrial PRGs in one or more samples.  Chromium exceeded its residential 
PRG in two samples, but was below the site-specific RBAS and industrial PRG 
in all samples.  Concentrations of all other above-background COCs in all 
samples were below both the site-specific RBASs, and residential PRGs.  Based 
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on statistical analysis of the CERCLA data, all COCs in the EDPs soil are 
statistically below their respective RASs. 

Based on DL analysis, it appears that COCs in EDPs soil have not, and should 
not in the next several thousand years, have any significant impact on ground 
water.  Although a monitoring well immediately downgradient of the EDPs has 
elevated concentrations of three of the EDPs DL COCs (Cr-VI, chlordane, and 
dieldrin), these may be due to impact from UC Davis Landfill Disposal Unit 2 
and the UC Davis disposal trenches east of the EDPs. 

• DSSs—Based on all soil data representative of current conditions, the majority 
of the COCs in the vicinity of Domestic Septic Tank (DST) 1, DSS 4, DSS 5, 
DSS 7, and Dry Wells A through E are below their respective background and 
RBAS values.  Following the RAs at DSS 3 and DSS 6, the cumulative excess 
cancer risk presented by remaining COCs in these areas is also below 10-6.  The 
calculated cumulative non-cancer HQs are 3.22 for DSS 3 and 2.5 for DSS 6, 
with Hg contributing almost all of the risk. DSS 7 was reportedly never used, 
and RI data support this understanding.  DSS 2 was removed as part of the Ra/Sr 
Treatment Systems RA. 

Based on soil results, DL modeling, and deionized water waste extraction test 
(DI WET) analyses, some COCs remaining in the DSS areas may impact local 
ground water above background, but the only potential impact above MCLs in 
the next thousand years is estimated to be by: formaldehyde and nitrate in the 
DSS 3 area; Cr-VI in the DSS 4 area; and, Cr-VI, chromium, Hg, and silver in 
the Dry Wells A through E area.  

• SWT—The human health risk analysis using the site-specific lowest RBASs 
indicates the cumulative cancer risk has been reduced to a nominal range of 10-4 
to 10-6 and the cumulative non-cancer HQ was reduced below 1.0.  The 
concentration distribution of driver COC Ra-226 was indistinguishable from 
background.  All Sr-90 concentrations were below the site-specific RBAS and 
industrial PRGs.  Of those analytes statistically above background, only Hg was 
detected above its lowest RBAS, and no above-background analytes were 
detected above PRGs.  

Based on DL analysis, only Cr-VI and nitrate remaining in SWT area soil may 
impact local ground water above MCLs within the next several thousand years.    
However, based on actual ground water data from the SWT area, there is no 
evidence of above-background impact to ground water by any of the DL COCs. 

• DOE Box— Based on all soil data representative of current conditions, human 
health risk associated with the DOE Box area soil has been reduced to 10-5 or 
less.  The cumulative non-cancer HQ was calculated to be 4.3, with Hg 
contributing 92 percent (%) of this figure. 
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Based on soil data, DL modeling, and DI WET analyses, COCs remaining in the 
DOE Box area are not likely to impact ground water above background for at 
least the next 3,000 years.  

Eight metals and three pesticides have been detected above the lowest US EPA or California 
fresh water aquatic life criteria in one or more storm water samples collected from the LEHR Federal 
Facility.  Of these constituents, only the pesticides and Hg are potentially related to DOE activities at 
LEHR.  However, other sources of these COCs are also present both on-site and in the nearby areas 
that drain to Putah Creek.  Because flow data for the LEHR discharge to Putah Creek have not been 
collected, the impacts of low levels of Hg and pesticides on Putah Creek are unknown. 

All air and radiation monitoring data collected to date indicate that LEHR Federal Facility 
and related RA activities have had no significant impact on air. 

Based on the data summarized in this document and the Site-Wide Risk Assessment Work 
Plan (UC Davis, 2002), DOE believes sufficient valid data are available for all DOE areas to 
complete the Site-Wide Risk Assessment (SWRA).   
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1. INTRODUCTION 

The purpose of this Remedial Investigation (RI) Report is to summarize the results of all 
environmental investigations conducted at the Laboratory for Energy-Related Health Research 
(LEHR) Federal Facility in Davis, California (Figure 1-1).  The LEHR FFA (United States 
Environmental Protection Agency Region 9 [US EPA], 1999a) identifies the Southwest Trenches 
(SWT), the Ra/Sr Treatment Systems, WDPs and EDPs, the DSSs, and the DOE Disposal Box 
formerly used by the DOE for radiological studies as potential source areas for environmental 
releases (Figure 1-2).  DOE is responsible for the environmental restoration of the LEHR Federal 
Facility, which was listed on the National Priorities List (NPL) in May 1994 as the LEHR/Old 
Campus Landfill in Davis, California.  As an NPL site, environmental restoration must be conducted 
according to the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), the NCP, and Superfund guidance and policy.  Therefore, this RI Report was prepared to 
fulfill the requirements of Section 300.430(b) of the NCP.  This report was prepared according to US 
EPA Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (US 
EPA, 1988) and DOE’s Remedial Investigation/Feasibility Study Process, Elements and Techniques 
(DOE, 1993), with consideration of the RI Statement of Work associated with the Administrative 
Order on Consent (AOC) issued to the University of California (UC) by the US EPA (US EPA 
Region 9, 1999b). 

For consistency with the FFA and internally within this RI report, the following terms and 
definitions are used in this document: 

• Constituents of Concern (COCs) – Chemical or radiological constituents in the 
environment that may result in adverse health or environmental impacts.   COCs 
in this RI report were identified based on historical release information, 
characterization data and statistically-based background comparisons using US 
EPA protocols.  The Site-Wide Risk Assessment (SWRA) will identify the final 
COCs for the DOE and UC Davis areas. The DOE Areas Feasibility Study 
Report will document any changes to COCs identified in this RI report. 

• LEHR—As defined in the FFA, the land and improvements located within the 
boundary line on Figure 1-2. 

• LEHR Site—As defined in the FFA, the area referred by the National Priorities 
List known as LEHR/Old Campus Landfill Superfund Site.  

• LEHR Federal Facility—As specified in the FFA, the following areas at LEHR: 
those buildings listed under 4.m of the FFA; Co-60 irradiation field; SWT area; 
Ra/Sr Treatment Systems area; WDP and EDP areas; DSS areas; DOE Disposal 
Box area; and, areas where contamination originating from the areas listed 
above have come to be located, excluding areas assigned to the University of 
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California, Davis (UC Davis) by operation of the Memorandum of Agreement 
(MOA). 

• DOE-funded research activities—All DOE-funded research activities at LEHR 
between 1958 and 1988. 

• DOE RI Areas—Those areas of the LEHR Federal Facility identified as 
potential source areas, including the SWT area; Ra/Sr Treatment Systems area; 
WDP and EDP areas; DSS areas; DOE Disposal Box area; and, Mixed Waste 
Storage Facility (MWSF). 

• UC Davis RI Areas—Those areas for which UC Davis has accepted 
responsibility, as defined in the FFA, including: UC landfill cells beneath the 
LEHR facility; Landfills 1, 2 (exclusive of dog pens), and 3; the 49 waste holes; 
ground water; and the UC Davis disposal trenches (south and east of Landfill 2). 

1.1 Purpose of Report 

The purpose of this RI Report is to summarize the results of all remedial investigations 
conducted at the LEHR Federal Facility.  One time-critical and four non-time-critical removal 
actions (RAs) have been conducted at the LEHR Federal Facility that have eliminated significant 
waste and contaminated soil.  Therefore this RI bases conclusions on those data representative of 
post-RA conditions.  However, pre-RA data collected after the LEHR Federal Facility was listed on 
the NPL and in accordance with CERCLA are also summarized, and additional data that were not 
collected under CERCLA are also referenced as appropriate. 

The primary purpose of an RI under CERCLA is to provide the information needed to assess 
the risk posed by the Site and to determine the best way to reduce that risk to acceptable levels.  This 
information includes: 1) the nature and extent of the contamination; 2) physical characteristics that 
could affect contaminant fate and transport (i.e., surface features, meteorology, surface water 
hydrology, geology, and hydrogeology); and, 3) potential receptors (i.e., demography, land use, and 
ecology).  This information is also used to assess threats to surface water and ground water.  For the 
LEHR/Old Campus Landfill Superfund Site, DOE is responsible for remediating the LEHR Federal 
Facility and UC Davis is responsible for remediating the Old Campus Landfill sites.  DOE and UC 
Davis are each preparing an RI Report that addresses the areas for which they have cleanup 
responsibility.  UC Davis, with input from DOE, will use information from both RI Reports to 
prepare a SWRA that addresses the risk presented by the combined LEHR/Old Campus Landfill 
Superfund Site.  The results of this SWRA will be used to determine what, if any, additional remedial 
measures are needed to reduce risk to acceptable levels.     

1.2 Report Organization 

This report is organized as recommended in US EPA and DOE guidance (US EPA, 1988; 
DOE, 1993), with modifications that reflect Task 3: Remedial Investigation of the Statement of Work 
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for Remedial Investigation/Feasibility Study (Appendix B of the AOC, US EPA Region 9, 1999b).  
Its organization is also based on input from the LEHR Site Remedial Project Managers (RPMs), 
including US EPA Region 9 staff.  Because an SWRA will be prepared as a separate document and 
will include both UC Davis and DOE RI Areas, this RI report deviates somewhat from the RI 
contents recommended in US EPA and DOE guidance in that: 1) discussions on contaminant fate and 
transport evaluation and conceptual site model development are limited to DOE RI Areas; 2) 
constituents of concern (COCs) identified in this RI report are subject to change based on future risk 
assessment, and, 3) discussion of risk assessment is limited to a brief description of the RBASs 
developed to guide removal actions.  Although future risk assessment will replace them, the RBASs 
provide a useful reference for results presented in this RI. 

In addition to this introduction, the report includes: 

• Section 2—Site Background.  This section briefly describes the LEHR Site and 
a history of site use prior to, during, and after DOE’s occupancy.  It also 
summarizes and provides references to previous environmental investigations 
and remedial activities that are relevant to the LEHR Federal Facility.  Details of 
these activities are presented by source area in Section 6. 

• Section 3—Site Physical Characteristics.  In accordance with US EPA and DOE 
guidance, this section describes the surface features, meteorology, surface water 
hydrology, geology, soils, hydrogeology, demography/land use, and ecology of 
the LEHR Site and the surrounding area.  This information may, in large part, be 
presented in the UC Davis RI Report, but is included here for completeness.  
This information has been used by DOE and will be used in the SWRA for 
evaluating contaminant fate and transport, potential exposure pathways, and 
potential receptors. 

• Section 4—Site Background Concentrations, Contaminant Fate and Transport, 
and Preliminary Risk Screening.  This section summarizes the approach, 
methodology, and results for the preliminary risk screening DOE has conducted 
to guide LEHR Federal Facility RAs.  This includes: 1) development of 
statistically-based, site-specific background concentrations for all COCs;  2) 
development of RBASs, which includes fate and transport analysis, exposure 
pathway evaluations, exposure scenario development, and risk calculations; and, 
3) DL analysis, which focuses on contaminant transport to ground water.  
Although the standards developed through these processes were specifically for 
guiding LEHR Federal Facility RAs, the approach used to develop the RBASs is 
based on that described in RAGS (US EPA, 1989 and 1991) and remains useful 
as a preliminary risk benchmark for the LEHR Site.  Final cleanup levels will be 
based on the results of the SWRA. 

• Section 5—Data Quality Evaluation.  This section summarizes data validation 
results and data usability. 

• Section 6—Nature and Extent of Contamination and Ground Water Impact 
Evaluation.  This section describes the nature and extent of contamination and 
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potential ground water impact associated with the LEHR Federal Facility.  The 
first subsection (Section 6.1) indicates which areas within the LEHR Federal 
Facility were identified as potential sources that have impacted the environment 
and describes the overall RA decision process used for these source areas.  For 
each potential source area, the subsequent subsections summarize the: 1) LEHR 
Federal Facility operations and environmental investigations in that area; 2) RA 
activities and air monitoring results for that area; 3) nature and extent of 
contamination associated with that area, both prior to and after any RAs; and, 
4) potential impact to ground water by COCs remaining in that area.  Site-wide 
sediment, surface water, storm water, air, and environmental radiation dose data 
related to the LEHR Federal Facility are also discussed in this section. 

• Section 7—Summary and Conclusions.  This section presents conclusions 
regarding the nature and extent of contamination and DOE’s preliminary 
assessment of risk associated with the LEHR Federal Facility.  Potential RI data 
gaps are also identified. 

• Section 8—References.  This section lists references for locating detailed 
information on the individual investigations that compose the LEHR Federal 
Facility RI. 

Figures and tables referenced within a section are located at the end of that section.  Details 
of the data usability evaluation are included in Appendix A.  Details on the recent DSSs 
Investigations are provided in the technical memorandum that is included as Appendix B of this RI 
Report.  Results of DL screening for DSSs are presented in Appendix C.  Air monitoring data 
collected at the LEHR Site are presented and discussed in Appendix D.  All LEHR Federal Facility 
RI laboratory analytical data are included on compact disk in Appendix E.  The human health risk 
analysis for the DOE Box area is presented in Appendix F.  Appendix G includes tables summarizing 
the Non-Isothermal, Unsaturated-Saturated Flow and Transport (NUFT) model input parameters and 
results of the modeling conducted for the DOE Areas.  The Phase A DL analyses for the Ra/Sr 
Treatment Systems and SWT areas were re-run with the addition of valid investigation data that 
represent current site conditions.  The Phase A DL summary tables for Ra/Sr Treatment Systems and 
SWT areas are presented in Appendix H.  The maximum concentration of all of the COCs detected 
above background in the waste characterization data for each area are presented in Appendix I.  The 
de-ionized water waste extraction test (DI WET) and grab ground water results for the DL samples 
collected in the DSS and DOE Box areas are presented in Appendix J.  A list of acronyms and 
abbreviations used in this RI report is included immediately following the table of contents. 
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2. SITE BACKGROUND 

2.1 Site Description 

The LEHR Site is located in Solano County, California, in the southeast quarter of 
Section 21, Township 8 North, Range 2 East, Mount Diablo Base and Meridian (Figure 1-1).  It is 
approximately 1.5 miles south of the town of Davis and is bounded by UC Davis research facilities, 
private farmland, and the South Fork of Putah Creek.  The southern boundary of the LEHR Site is the 
northern levee of the South Fork of Putah Creek. 

LEHR covers approximately 15 acres and contains laboratory buildings and former animal-
handling facilities that were used by DOE.  Figure 1-2 shows the spatial distribution of buildings at 
LEHR.  Of the 15 acres, approximately 40 % is paved or covered by structures.  Approximately 30 % 
is unpaved and relatively free of vegetation.  Five percent is covered by large, deep-rooted 
vegetation.  Outdoor dog pens occupied approximately 20%, or three acres, of LEHR.  The land is 
owned by the Regents of UC and was used by DOE from 1958 through 1989.  Part of LEHR is 
presently utilized by the UC Davis Center for Health and the Environment (CHE) for research 
activities. 

2.2 Site History 

2.2.1 Historical Operations 

A chronology of activities at the LEHR Federal Facility is presented in Figure 2-1.  For the 
period prior to DOE’s use of LEHR, aerial photographs from 1937, 1952, and 1957 were reviewed to 
determine site conditions and usage.  In 1937, the LEHR location was primarily open grassland with 
scattered brush and trees, and was similar to the agricultural land in the surrounding area.  Remnants 
of an apparent golf course were visible mainly on the eastern half of the LEHR location.  
Additionally, a small structure was present within a group of trees along the southern boundary 
adjacent to the South Fork of Putah Creek.  By 1952, the former golf course and structure were 
absent and much of the vegetation at the LEHR location appeared to have been cleared or grazed on 
by cattle.  By 1957, new roads had been established in the southern portion of the LEHR location and 
there was evidence of grading or excavation activities in the EDPs area.  It should be noted that UC 
Davis operated two landfills within the boundaries of LEHR: Landfill Disposal Unit 1 from the early 
1940s through mid-1950s and Landfill Disposal Unit 2 from 1956 through 1967 (Figure 1-2), for 
exclusive disposal of UC Davis waste. 
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The Atomic Energy Commission (now DOE) began conducting radiological studies on 
laboratory animals, particularly beagles, in the early 1950s.  Initial studies were carried out on the 
main UC Davis campus and involved the irradiation of beagles.  DOE-funded research activities 
began at LEHR in 1958.  DOE-funded research at LEHR through the mid-1980s focused on the 
health effects from chronic exposure to radionuclides, primarily Sr-90 and radium-226 (Ra-226).  In 
the early 1970s, a cobalt-60 (Co-60) irradiator facility was constructed by DOE at LEHR to study the 
effects of chronic exposure to gamma rays on bone marrow cells of beagles.  In 1975, DOE initiated 
a program at LEHR to study the potential health effects of combustion products from fossil fuel 
power plants.  In 1983, the Toxic Pollutant Health Research Laboratory (TPHRL) became operative 
at LEHR.  Studies at TPHRL included the use of americium-241 (Am-241) and plutonium-241 (Pu-
241). 

All DOE-funded research activities at LEHR had ceased by 1988.  Environmental 
investigations began as early as 1984, building D&D began in 1992, and CERCLA RAs began in 
1996.  DOE plans to complete all environmental restoration activities related to the LEHR Federal 
Facility by 2004. 

2.2.2 Environmental Restoration Responsibility 

Based on historical use, DOE and UC Davis have developed a MOA to allocate 
responsibility for environmental restoration of the LEHR/Old Campus Landfill Superfund Site 
(DOE, 1997).  Under this agreement, DOE is responsible for environmental restoration of the former 
LEHR Federal Facility, as described in Section 1.  UC Davis is responsible for environmental 
restoration of Old Campus Landfill areas including but not limited to: Landfill Disposal Units 1, 2 
and 3; the 49 waste holes; the UC Davis disposal trenches; ground water; and, Putah Creek (Figure 1-
2).  Because Landfill Disposal Unit 2 underlies the EDPs, the remedy UC Davis implements to 
address this landfill will also address the EDPs.  UC Davis and DOE are currently working on Draft 
MOA Amendment 1, which addresses the agreement for environmental restoration activities for the 
Landfill Disposal Unit 2/EDPs area. 

2.2.3 LEHR Federal Facility Potential Source Areas 

The following areas of the LEHR Federal Facility have been identified as potential source 
areas:  Ra/Sr Treatment Systems, seven DSSs, WDPs and EDPs, the SWT disposal area, and the 
DOE Disposal Box area (Figure 1-2).  As discussed in Section 6.1, these areas have been the focus of 
remedial investigations at the facility.  A description of each of these areas and its operations is 
presented by area in Section 6. 
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2.3 Previous Investigations 

This section summarizes all environmental investigations related to the LEHR Federal 
Facility.  Details of the investigation results related to specific source areas and/or media of concern 
are presented in Section 6.  

2.3.1 Background Soil Investigations  

There have been five separate sampling events to collect background soil data.  Table 2-1 
summarizes these investigations and Figure 2-2 shows the sample locations associated with them.  As 
described in Section 4.1, the analytical results from these investigations were used to develop 
statistically-based background levels for all COCs for the LEHR Federal Facility.  These background 
levels were then used to determine which COCs were potentially present above background in each 
of the LEHR Federal Facility source areas.  For COCs with a calculated RBAS lower than the 
background level (Section 4.1), the background level was used as the removal action standard (RAS). 

2.3.2 LEHR Federal Facility Source Area Investigations 

Contaminant investigations in LEHR Federal Facility potential source areas are described in 
detail by area in Section 6 and are briefly summarized here.  In 1984, an Initial Assessment Survey 
was conducted by Rockwell International to obtain data and perform an initial characterization of the 
nature and extent of radioactive and chemical contamination at the LEHR Site.  Surface and 
subsurface investigations were conducted in all of the DOE potential source areas except the DSS 
and DOE Box areas (Rockwell, 1984).  

From late 1987 through 1988, Wahler Associates conducted investigations to determine 
potential low-level radioactive sources at the LEHR Federal Facility.  Surface and subsurface 
investigations were conducted in the SWT, Ra/Sr Treatment Systems area, WDPs and EDPs areas, 
and vicinity of the DOE Box (Wahler, 1989).  Between 1989 and 1993, Dames and Moore (D&M) 
conducted several investigations to evaluate the potential source areas at the LEHR Site.  In 1995, 
Pacific Northwest National Laboratory (PNNL) conducted surface and subsurface investigations in 
the SWT and at DSS 2.  Surface and subsurface investigations were conducted in all of the DOE 
potential source areas except for the DSS and DOE Box areas (D&M, 1991; D&M, 1993).   

In 1996, IT Corporation (IT Corp.) conducted a Limited Field Investigation (LFI) to collect 
data necessary to evaluate if potential sources associated with the LEHR Federal Facility pose an 
unacceptable threat to human health and the environment.  The LFI included investigations of the 
SWT area, Ra/Sr Treatment Systems area, and DSSs 1 and 7 [Weiss Associates (WA), 1997f.]  In 
1996, IT Corp. also removed the WDP and EDP pedestals and collected soil and gravel data during 
the removal activities (WA, 1997f).  From 1996 to 2001, WA conducted several data gaps 
investigations to collect additional data on the DSSs, WDPs and EDPs (WA, 1998c; 1998d and 
1999c). 
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Many of the data from these investigations were collected prior to the issuance of the 
Remedial Investigation, Feasibility Study and Environmental Assessment Work Plan in September 
1994 (D&M, 1994) and may not have been collected in full compliance with CERCLA standards.  
Data collected before the D&M Phase II Investigation in 1993 were obtained to screen for 
contamination; therefore, these results are considered to be qualitative only.  Dog pen data from 1996 
were collected primarily for health and safety rather than for characterization purposes.  Therefore, 
data from the LFI, subsequent data gaps investigations, and post-RA sampling, which were 
conducted in compliance with CERCLA requirements, are emphasized in this report.  The nature and 
extent of contamination in the LEHR Federal Facility potential source areas (DOE RI Areas) based 
on these data are discussed in Section 6. 

2.3.3 Ground Water Investigations  

The first ground water investigation at the LEHR Site was conducted in 1987.  The Water 
Monitoring Plan (PNNL, 1994) has been the basis of ground water monitoring since 1994.  Since 
then, 21 wells have been installed in the shallowest hydrostratigraphic unit (HSU)-1, 18 wells have 
been installed in HSU-2, and 5 wells in HSU-4 (Figure 2-3).  No wells have been installed in HSU-3.  
Ground water investigation activities conducted to date are summarized in Table 2-2.  Hydrogeologic 
findings based on these investigations are summarized in Section 3.6.  

Ongoing ground water monitoring of selected wells has occurred since 1990.  In 1997, the 
MOA between DOE and UC Davis transferred responsibility for ground water and surface water 
sampling from DOE to UC Davis.  Ground water analytical results, proposed monitoring plan 
changes, and the rationale for these changes are presented in annual water monitoring reports (D&M, 
1999c and 2000; URS, 2001).  The LEHR Site ground water chemical and radionuclide analytical 
data, as they relate to potential impact by LEHR Federal Facility sources, are discussed by source 
area in Section 6. 

2.3.4 Storm Water, Surface Water and Sediment Investigations 

2.3.4.1 Storm Water Monitoring 

The original site storm water monitoring plan (described in PNNL, 1994) was established in 
the fall of 1994.  From 1994 through 1996, field measurements and samples of storm water runoff 
were collected by DOE at two locations where storm water collects and is removed from LEHR.  
One collection point (SWL-1, now called Lift Station [LS]-1) is a lift station located on the west side 
of LEHR (Figure 2-3), which pumps runoff from much of the western part of LEHR under Old Davis 
Road for discharge into Putah Creek.  The second collection point was a storm drain (SWL-2, now 
called SD-1) located on the west side of the WDPs area that collects storm water from the west-
central portion of LEHR, primarily from the paved areas east of the buildings (Figure 2-4). 

In the winter of 1996-1997, location SD-1 was eliminated because water flowed from this 
location to LS-1 (Figure 2-4), which was already being sampled.  Also during this time, two 
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additional locations were added: landfill-1 (LF)-1 located south of Landfill Unit 1, and LF-3 located 
south of Landfill Unit 3.  As of 1997, in accordance with the MOA between DOE and UC Davis 
(DOE, 1997), DOE collects storm water only from LS-1, and UC Davis collects storm water from the 
UC Davis areas of the LEHR Site (LF-1 and LF-3 in Figure 2-3). 

The monitoring plan specifies sampling for two separate rainfall events:  (1) the first 
significant storm event of the rainy season; and, (2) a large storm event late in the rainy season.  The 
initial storm water samples were analyzed for the following during the two sampling events in 1995 
and 1996: selected radionuclides, metals, Cr-VI, nitrate, alkalinity, other cations and anions, volatile 
organic compounds (VOCs), semi-volatile organic compounds (SVOCs), formaldehyde, pesticides, 
PCBs, total oil and grease, suspended and dissolved solids, total organic carbon, chemical oxygen 
demand, and turbidity.   

Alkalinity, other cations/anions, SVOCs, and formaldehyde have been removed from the 
original storm water analyte list (D&M, 1998).  SVOCs and formaldehyde were removed because 
they had not been detected.  Aquatic toxicity was added, and it may include alkalinity, hardness, 
dissolved oxygen, pH and ammonia (D&M, 1998).  Also low-level mercury (Hg) analysis was 
added.  Storm water monitoring results are summarized in Section 6.8, and recent results are 
discussed in detail in the annual water monitoring reports (D&M, 1999c and 2000; URS, 2001). 

2.3.4.2 Surface Water Monitoring 

The surface water monitoring program at the LEHR Site began in November 1990, and 
through 1996 was conducted quarterly by DOE at three locations along the South Fork of Putah 
Creek: Putah Creek Upstream (PCU), Wastewater (Sewage) Treatment Plant Outfall (STPO), and 
Putah Creek Downstream (PCD) (Figure 2-3).  Starting in the first quarter of 1997, UC Davis began 
performing the surface water monitoring.  In 2000, UC Davis collected surface water samples from 
four locations: PCU, STPO, PCD, and PC2 located approximately two miles downstream of PCD 
(Figure 2-3).  Putah Creek monitoring data are summarized in Section 6.8.2, and more detailed 
discussions of these data can be found in the annual water monitoring reports (D&M, 1999c and 
2000; URS, 2001). 

2.3.4.3 Sediment and Related Investigations 

In addition to the storm and surface water monitoring described above, several related 
investigations have been conducted at the LEHR Site.  Between August and September 1996, the 
Agency for Toxic Substances and Disease Registry (ATSDR) collected four composite samples each 
of Putah Creek fish, sediments, and water to determine if the LEHR Site activities have impacted the 
creek.  The fish, sediment, and water samples were analyzed for radionuclides, metals, pesticides, 
and SVOCs (ATSDR, 1997).  Results are summarized in Section 6.8.2. 

Because of known overflows of the Ra-226 Treatment System that may have resulted in 
wastewater discharge into the storm water drainage channels along Old Davis Road (Figure 2-4), 
several investigations of shallow sediments in these channels were performed.  Initial investigations 
in 1996 and 1997 (WA, 1997f and 1998d) evaluated a wide range of potential contaminants.  Based 
on the results of these two investigations, the final investigation in 1998 focused on cesium-137 
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(Cs-137) as the only COC in these sediments (WA, 1999f).  Results of these investigations are 
discussed in Sections 6.2.2 and 6.8.3. 

2.3.5 Air Monitoring  

In 1995, an air monitoring program was developed and implemented by PNNL.  A 
comprehensive air quality study was conducted in 1995 and 1996 (PNNL, 1996a).  Additional 
“baseline” air monitoring was conducted in 1997 and 1998. During each of the four DOE RAs 
conducted at the LEHR Federal Facility between 1998 and 2001, air monitoring was conducted to 
assess airborne impacts during the RA activities (WA, 2001c, WA 2001e).  RA air monitoring results 
are summarized in Section 6 by source area, and Figure 2-5 shows the air sampling locations.  The 
air monitoring investigations are summarized in Table 2-3.  Air monitoring results are discussed in 
detail in Appendix D. 

2.3.6 Radiation Monitoring 

Perimeter fence lines, radioactive waste storage areas, and various work areas around the 
LEHR Site are monitored for gamma radiation by thermoluminescent dosimeters (TLDs) to comply 
with DOE Orders 5400.1, General Environmental Protection Program, and 5400.5, Radiation 
Protection of the Public and the Environment.  This radiation monitoring program began in 1989 
with 35 TLD locations.  In the fourth quarter 1995, the number of TLDs was reduced to 25 after 
completion of the D&D of the Animal Hospitals (AH) and Specimen Storage Buildings.  Figure 2-7 
shows the locations of the 24 TLDs currently used at the LEHR Site.  The 25th TLD is a control 
monitoring station located in the Environmental Safety and Health Building on the UC Davis 
campus.  The radiation monitoring is ongoing and is summarized on a yearly basis in the Annual Site 
Environmental Report (ASER) for the LEHR Site.  An overall summary of results is presented in 
Section 6.10. 

2.3.7 Mixed Waste Storage Facility Closure 

The MWSF (Figure 2-6) was a prefabricated steel structure and is not considered one of the 
LEHR Federal Facility buildings.  The MWSF was used to store hazardous and radioactive mixed 
waste from the DOE-funded research at the LEHR Site.  This facility was designed to store 
hazardous or mixed waste/materials and to provide sound environmental protection against 
contamination due to spills or leaks (WA, 1999d).  The MWSF was operated by UC Davis for DOE 
under the Resource Recovery and Conservation Act (RCRA) interim permit application status issued 
by the US EPA.  Following the conclusion of the DOE-funded research program in 1988, numerous 
legacy waste streams were removed from the MWSF and disposed off-site at appropriately permitted 
facilities.  Therefore, the MWSF was no longer needed to store mixed wastes and was closed in 2000 
according to a California Department of Toxic Substances Control (DTSC)-approved closure plan 
(EMS, 1997).  The MWSF was transferred to UC Davis following proper closure. 
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Radiological and chemical verification samples were collected from the MWSF structure and 
underlying surface soil as part of the MWSF closure process.  At the request of DTSC, the surface 
soil and asphalt under and around the MWSF were sampled to determine whether a release of 
contaminants occurred from the MWSF to the environment (WA, 1999d).  A “direct frisk” 
radiological survey was conducted over 100% of the facility’s asphalt “footprint,” and radiological 
smears for loose surface contamination were collected at 16 points within the “footprint”.  Wipe 
samples were collected from the secondary containment trays of each storage unit and analyzed for 
VOCs, SVOCs and formaldehyde. Although not required, soil sampling was conducted beneath the 
MWSF as a conservative measure to ensure cleanup.  Sample results showed that constituents of 
potential concern in soil under and around the unit were at or below the US EPA Region 9 PRGs 
and/or site-specific background concentrations.  

Based on data presented in the Closure Certification Report (WA, 1999d) as well as that in 
Section 3 of the MWSF Summary Data Report (WA, 1999e), residuals remaining on the facility 
surfaces and soils did not exceed the closure performance standards.  The Closure Certification 
Report concluded that: 

• Each of the closure performance standards in the closure plan had been 
achieved;  

• Clean closure was obtained; and,  

• The surfaces of the MWSF are well below the radiological release limits 
presented in DOE Order 5400.5 for unrestricted use. 

The Closure Certification Report was approved by DTSC on March 22, 2000, and the 
ownership of the MWSF was transferred from DOE to UC Davis on April 17, 2001.  The LEHR 
MWSF closure is discussed in greater detail in the Closure Certification Report (WA, 1999d) and the 
Summary Data Report (WA, 1999e). 

2.4 Previous Removal Actions 

2.4.1 LEHR Federal Facility Source Area Removal Actions 

As discussed in Section 6.1, the potential contaminant source areas identified at the LEHR 
Federal Facility are: the Ra/Sr Treatment Systems area, the DSSs areas, the WDPs and EDPs areas, 
the SWT area, and the DOE Box area.  To date, DOE has conducted one time-critical and four non-
time-critical RAs.  Each of the completed RAs is summarized in Section 6 of this RI.  The time-
critical RA was the removal of the DOE Box in 1996.  The four non-time critical RAs were the SWT 
area RA in 1998, the Ra/Sr Treatment Systems Area I and II RAs in 1999 and 2000, the WDPs area 
RA in 2001, and the DSS 3 and 6 area RA in 2002. DST 2 and parts of the DSSs 1 and 5 leach field 
were removed during the Ra/Sr Treatment Systems area RA. No RAs are anticipated for the 
remaining DSSs.  The EDPs and underlying UC Davis Landfill Disposal Unit 2 will be remediated 
together by UC Davis.   
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2.4.2 Ground Water Interim Remedial Action  

On May 11, 1998, UC Davis began full-scale operation of the ground water interim remedial 
action (IRA) extraction and treatment system.  The ground water IRA is being conducted by UC 
Davis in accordance with the US EPA Action Memorandum (November 13, 1997) and the MOA 
between UC Davis and DOE (June 23, 1997) (D&M, 1999b).  The IRA was implemented to 
minimize the off-site migration of VOCs, primarily chloroform.  The IRA consists of extracting 
ground water from HSU-2 downgradient of site source areas (well EW2-1, Figure 2-3), treating the 
ground water for VOCs by air stripping, and injecting treated water into HSU-2 upgradient of the 
LEHR Site (well IW2-1, Figure 2-3).  Through December 2000, 169,479,676 gallons of ground water 
had been treated by the system, removing an estimated 65.25 pounds of chloroform. 

A density-driven convection (DDC) well pilot test was conducted from December 12, 2000 
to March 21, 2001 to assess whether DDC technology effectively reduces chloroform mass in the 
shallow ground water (HSU-1) system.  According to URS (2001), the chemical and hydraulic data 
collected during the pilot test demonstrate the development of active circulation, the capture and 
removal of chloroform from ground water, and the reduction or elimination of downward vertical 
migration of impacted ground water from HSU-1 to HSU-2.  Based on the results of the DDC pilot 
test, the system may be expanded. 
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Table 2-1. Previous LEHR Background Investigations 

Date  Characterization Activity Document Reference (1) 

February 1993 Twelve soil samples were collected from the off-site monitoring wells UCD2-17 and UCD1-18.  The 
samples were analyzed for radionuclides, metals, and inorganic compounds.  Not performed under 
CERCLA. 

D&M, 1993 

1994 Twenty-four soil samples were collected to depths of 39 ft bgs at six locations within one-half mile of 
LEHR.  The samples were analyzed for radionuclides, metals and inorganic compounds.  CERCLA 
investigation. 

D&M, 1994 

October 1997 Fifty-two samples were collected to depths of 40 ft bgs from six locations and analyzed for selected 
radionuclides and metals.  Approximately 25 of these samples were also analyzed for volatile organic 
compounds, semi-volatile organic compounds, and organochlorine pesticides.  CERCLA investigation. 

WA, 1998c 

February 1999 Forty soil samples were collected from the surface and 2 ft bgs in 20 locations.  The samples were 
analyzed only for constituents showing depth stratification based on the 1994 and 1997 data.  CERCLA 
investigation. 

WA, 2000a–e 

October through 
December 1999 

Three shallow soil samples were collected from previous background boring locations.  The samples were 
analyzed for mercury compounds or species by a lab that specializes in these analyses.  In addition, two 
shallow soil samples from previous background locations were collected and analyzed for total mercury 
by two other laboratories to evaluate elevated mercury detected at these locations during the February 
1999 investigation.  CERCLA investigation. 

WA, 1999, a–f 

Notes 
(1) References are provided in Section 8 of this report. 
Sampling locations are shown on Figure 2-3. 

Abbreviations 
bgs below ground surface 
D&M Dames and Moore 
ft feet 
LEHR Laboratory for Energy-Related Health Research 
WA Weiss Associates 
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Table 2-2. Previous LEHR Ground Water Investigations 

Date  Characterization Activity Document Reference (1) 

1987 Installation of five monitoring wells in HSU-1 (UCD1-1, UCD1-3 through UCD1-6) and one in HSU-2.  
Soil samples from UCD1-1 were submitted and analyzed for gross alpha, beta, gamma, tritium and 
strontium-90.  Not performed under CERCLA. 

Wahler, 1989 

1987 Installation of two monitoring wells in HSU-1 (UCD1-8 and UCD1-9).  Not performed under CERCLA. Wahler, 1989 

1989 Four monitoring wells were installed in HSU-1 (UCD1-10 through UCD1-13) and one monitoring well in 
HSU-2 (UCD2-14).  Soil samples were collected from UCD1-10 through UCD1-13 and analyzed for 
VOCs, SVOCs, pesticides, PCBs, metals, nitrate, and selected radionuclides. Not performed under 
CERCLA. 

D&M, 1990a 

1989 Samples were collected from nearby privately owned wells, the UC Davis Wastewater Treatment Plant 
outfall and downstream of the UC Davis Wastewater Treatment Plant outfall.  The samples were analyzed 
for nitrate and hexavalent chromium. Not performed under CERCLA. 

D&M, 1990b 

1990 Installation of seven monitoring wells in HSU-1 (UCD1-18 through UCD 1-24) and three monitoring wells 
in HSU-2 (UCD2-15 through UCD2-17). Not performed under CERCLA. 

D&M, 1993 

1995 Installation of two monitoring wells in HSU-1 (UCD1-25 and UCD1-34), two monitoring wells in HSU-2 
(UCD2-26 and UCD2-35), and one monitoring well that has seven screened intervals across HSU-1 and 
HSU-2 (UCD1-27/2-27). CERCLA investigation. 

PNNL, 1996b 

1996 Hydropunch investigation conducted at ten onsite locations and 12 off-site locations.  Each location 
sampled at 85 and 95 ft bgs and samples analyzed for chloroform, chromium, nitrate, and specific 
conductivity. CERCLA investigation. 

D&M presentation at 
April 1996 RPM 

meeting 

1996 Installation of one monitoring well in the first HSU (UCD1-28) and three monitoring wells and one 
extraction well in HSU-2 (UCD2-29 through UCD2-31 and EW2-1). CERCLA investigation. 

D&M, 1996 

1997 Installation of six monitoring wells in HSU-2 (UCD2-32 and UCD2-36 through UCD2-40), three 
monitoring wells in HSU-4 (UCD4-41 through UCD4-43), and one injection well in HSU-2 (IW2-1). 
CERCLA investigation. 

D&M, 1998 
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Date  Characterization Activity Document Reference (1) 

1999 Installation of one monitoring well in HSU-2 (UCD2-45) downgradient of Landfill Unit 3 and one 
monitoring well in HSU-4 (UCD4-44) to monitor conditions in the vicinity of extraction well EW2-1. 
CERCLA investigation. 

D&M, 2000 

2000 Installation of HSU-2 well UCD2-46 and HSU-4 well UCD4-47. CERCLA investigation. URS, 2001 

Note 
(1) References are provided in Section 8 of this report. 
Abbreviations 
CERCLA Comprehensive Environmental Response, Compensation, Liability Act 
D&M Dames & Moore 
HSU hydrostatigraphic unit 
PCBs polychlorinated biphenyls 
PNNL Pacific Northwest National Laboratory 
RPM remedial project manager 
SVOCs semi-volatile organic compounds 
URS URS Corporation 
VOCs volatile organic compounds 
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Table 2-3. Previous LEHR Air Monitoring Investigations 

Date  Characterization Activity Document Reference (1) 
1995-1996 Baseline sampling—Airborne contaminants were sampled by four continuously operating on-site 

samplers and at one distant location.  The samples were analyzed for radionuclides, radon, 
chlordane, metals, VOCs, and airborne dust. 

PNNL, 1996a 

1997-1998 Site monitoring—Airborne contaminants were sampled at four on-site and one off-site location 
bimonthly and analyzed for gross alpha and gross beta.  Gamma emitters and radon were also 
analyzed in some samples. 

Not previously reported. 
See Appendix D of this report. 

1998 SWT RA monitoring—Air monitoring samples were collected from four fixed locations  and a 
mobile monitoring station at the SWT area.  The samples were analyzed for gross alpha and beta, 
tritium, radon, metals, VOCs, and SVOCs. 

WA, 2001e 

1999 Ra/Sr Treatment Systems Phase I RA  Monitoring—Air monitoring samples were collected from 
four fixed locations and a mobile monitoring station at the Ra/Sr Treatment Systems area.  Pre-RA, 
post- RA and monthly RA samples were collected and analyzed for one or more of the following:  
PM10, metals, VOCs, chlordane, tritium, gross alpha, gross beta and gamma-emitting isotopes.   

WA, 2001c 

2000 Ra/Sr Treatment Systems Phase II RA Monitoring—Air monitoring samples were collected from 
four fixed locations and a mobile monitoring station at the Ra/Sr Treatment Systems area).  Pre-
RA, post-RA and monthly RA samples were collected and analyzed for PM10; metals; Sr-90; and 
gross alpha, beta, and gamma. 

WA, 2001c 

2001 WDPs RA—Air monitoring samples were collected from four fixed locations and a mobile 
monitoring station at the WDPs area.  Pre-RA, post-RA and monthly samples were collected and 
analyzed for PM10; metals; Sr-90; and gross alpha, beta, and gamma. 

WA, 2002c 

2002 DSS 3 and 6 RA—Air monitoring samples were collected from four fixed locations and a mobile 
monitoring station near DSS 6.  Samples were collected during one sampling event and analyzed 
for barium, cadmium, Cs-137, chlordane, chromium, copper, heptachlor epoxide, Pb, Pb-210, Hg, 
Ra-226, silver, Sr-90 and PM10. 

WA, 2002a 

Note 
(1) References are provided in Section 8 of this report. 
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Abbreviations 
Cs-137 cesium-137 
DSS Domestic Septic System 
Hg mercury 
Pb lead 
Pb-210 lead-210 
PM10 particulate matter less than 10 microns in diameter 
PNNL Pacific Northwest National Laboratory 
RA removal action 
Ra-226 radium-226 
Sr-90 strontium-90 
SVOCs semi-volatile organic compounds 
SWT Southwest Trenches 
VOCs volatile organic compounds 
WA Weiss Associates 
WDP Western Dog Pens 
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DOE United States Department of Energy
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Figure 2-1. LEHR Federal Facility Timeline
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3. SITE PHYSICAL CHARACTERISTICS  

This section describes the physical setting of the LEHR Site, including topography, 
structures, meteorology, geology, hydrogeology, surface water hydrology, land use and 
demographics, and ecology.  Information provided in this section was used in the preliminary risk 
screening analyses described in Section 4.   

3.1 Surface Features 

The LEHR Site is situated on gently sloping land, with an average elevation of approximately 
50 feet (ft) above mean sea level.  The land surface slopes gently to the east/northeast at 
approximately 0.001 ft/ft (five ft per mile).  Relief across LEHR is about two ft. 

3.1.1 Site Improvements 

Approximately 40% of the 15-acre LEHR is paved or covered by structures.  The former 
outdoor WDPs and EDPs occupied approximately three acres or 20% of LEHR.  Prior to the RAs 
about 30% was unpaved and relatively free of vegetation and less than 5% was covered by large, 
deep-rooted vegetation. 

The improvements used for DOE-funded research activities at LEHR consisted of mainly 
single-story laboratory buildings, former animal-handling facilities, and outdoor dog pens 
(Figure 1-2).  The facility also housed a Co-60 Irradiator Building and an associated irradiation field.  
The facilities used for DOE-funded research activities are described in greater detail in Section 6. 

Most of the buildings used at LEHR for DOE-funded research activities are now used by the 
UC Davis CHE.  In 1975, the fencing, dog house installations, gravel and interior curbing were 
removed from 64 pens in the northern section of the WDPs.  In 1996, the dog house installations, 
interior fencing and concrete pedestals were removed from the remainder of the WDPs and the EDPs 
for proper disposal.  The barrels and concrete pedestals were properly packaged and shipped to the 
DOE Hanford site for disposal.  In 1999 the interior chain-link fencing was released from 
radiological controls according to DOE Order 5400.5 and recycled off-site.  In 2001, the gravel, 
exterior fencing and remaining curbing were removed from the WDPs for proper disposal.  The 
concrete and asphalt were disposed at Nevada Test Site (NTS) and the Altamont Class II Disposal 
Facility in Livermore, respectively.  The remaining material removed during the 2001 RA is 
currently being stored on-site in two covered stockpiles.  



DOE Areas Remedial Investigation Report Section 3  
LEHR Environmental Restoration / Waste Management  Rev. 0  9/18/03 
DOE Contract No. DE-AC03-96SF20686 Page 3-2 of 3-11 
 

J:\DOE\4007\110\RI_PLAN\0918_REV0\0918RIR.DOC WEISS ASSOCIATES Project Number:  128-4107 

In 1995, the Imhoff Building, which housed the Ra/Sr Treatment Systems, was 
decontaminated, decommissioned and demolished.  Between 1999 and 2000, the Sr-90 (former 
Imhoff Tank) and Ra-226 Treatment Tanks, along with associated potentially contaminated soil, 
gravel and piping and their adjoining leach fields, were excavated and removed.  The overburden 
removed during the 1999 RA was used as backfill in the 2000 RA excavation.  The soil and debris 
removed during the 1999 RA was disposed as low-level waste (LLW) at Envirocare of Utah in 2001.  
The sludge and debris removed from the Sr-90 Tank were shipped to Hanford for disposal as LLW.  
The Sr-90 Tank storm water was solidified and sent to Envirocare of Utah as solid LLW in 2002.  
The remaining waste was shipped to NTS in 2002 for disposal.  

All seven DSSs and leach fields associated with DOE-funded research activities were 
abandoned in 1971 and have been replaced by direct sanitary sewer connections.  DST 2 and dry 
wells associated with DSS 1 and DSS 5 were removed in 1999 as part of the Ra/Sr Treatment 
Systems Area I RA.  The DST 2 waste was disposed with the Ra/Sr 1999 waste stream.  The DSS 1 
and 5 waste was disposed at NTS in 2002.  RAs were conducted at DSS 3 and 6 during 2002.  The 
DSS 3 RA consisted of removal of a distribution box (DB), effluent lines, leach lines, leach trench 
gravel and one foot of additional soil from the leach trench floor and sidewalls.  The DSS 6 RA 
consisted of removal of all the effluent lines, perforated Orangeburg pipe and leach trench gravel.  
An additional foot of soil was also removed from the trench floors and sidewalls.  The DSS 3 and 6 
waste is currently being stored on-site for pending characterization results. 

Disposal trenches and chlordane-contaminated soil in the southwestern part of the Site (SWT 
area) were excavated in 1998.  The SWT hazardous waste was treated and disposed by Safety Kleen, 
Diversified Scientific Services Incorporated and Envirocare of Utah.    In addition, the trench 
repository used for disposal of miscellaneous LLW associated with DOE-funded research (e.g., 
syringes, bottles, vials and gravel), referred to as the DOE Box, has been excavated and disposed at 
the DOE Hanford site.  

3.1.2 Surrounding Area Features 

The land within a one-mile radius of LEHR is owned both privately and by the Regents of 
UC, and is used for animal research, agriculture and recreation.  Immediately east, north and west of 
LEHR are UC Davis-owned research facilities.  Privately owned lands within one mile to the south 
and east of LEHR include permanent residences and fields that support some crops.  Approximately 
75% of the surrounding land in the general vicinity of LEHR is used for agriculture.  Major crops 
include fruits, nuts and grains.  Approximately 40% of the agricultural land in the LEHR vicinity is 
irrigated and some of the nearby lands are used for cattle grazing (DOE, 1988).  Recreational land 
uses in this area primarily involve fishing and swimming along nearby Putah Creek. 
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3.2 Meteorology 

The LEHR area climate is temperate, with mild winters and long warm summers.  In winter, 
the average temperature is 46.7 degrees Fahrenheit (°F), the average daily minimum temperature is 
37.5°F and the average maximum temperature is 55.9°F.  The lowest daily temperature of 12°F was 
recorded in December 1932.  The average summer temperature is 73.0°F, with the highest daily 
average of 91.8°F.  The highest recorded temperature of 116°F occurred in July 1925 (Western 
Regional Climate Center Website, 2002). 

3.2.1 Precipitation 

The average annual precipitation at the Davis 1 west southwest station, located less than 
two miles northwest of LEHR, is 17.31 inches based on data from 1917 to 2000.  Between 1917 and 
2000, the highest and lowest monthly average precipitation were 12.48 inches in January 1995 and 
0.02 inches in February 1964, respectively.  Based on data from 1917 to 2000, the highest recorded 
rainfall during the winter (December, January and February) was 22.98 inches in 1993 (Western 
Regional Climate Center Website, 2002). 

3.2.2 Wind Speed and Direction  

The prevailing wind direction is from the south (Figure 3-1), reflecting frequent incursions of 
marine air through the Carquinez Strait into the Sacramento Valley.  Changes in wind direction are 
common, with winds from the northwest occurring diurnally.  Several times a year, strong winds 
blow from the north, generally following the passage of Pacific storm systems (DOE, 1994).  The 
average 2000 wind speed recorded at the LEHR 3-meter tower was approximately 1.23 meters per 
second (m/s) or 2.75 miles per hour (mph), the maximum wind speed was 6.44 m/s (14.4 mph) and 
the median wind speed was 1.12 m/s (2.5 mph) (WA, 2001i).  Figure 3-1 is a wind rose generated 
from data collected at the Sacramento Airport. 

3.3 Surface Water Hydrology 

No natural or man-made surface or recreational waters are present at LEHR or upstream of 
the LEHR site. 

3.3.1 Putah Creek 

Putah Creek, the only surface water body near the LEHR site, is described below. Putah 
Creek was redirected to what is now called the “South Fork” in 1872.  The “South Fork” of Putah 
Creek is about 125 ft south of LEHR within a man-made channel (Figure 2-3) to divert flood waters 
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from the City of Davis and the UC Davis main campus.  The channel is separated from the LEHR 
boundaries by a one-lane, paved roadway on top of a levee completed in 1948 by the US Army Corps 
of Engineers.  The South Fork of Putah Creek is an intermittent stream, sometimes containing only 
scattered pools during the dry summer months.  In the past, drought conditions have resulted in the 
lower portions going dry and in significant fish and invertebrate animal kills (Marchetti and Moyle, 
1995).  The creek is typically bordered by dense vegetation and small trees within and adjacent to the 
channel.  

LEHR is in Federal Emergency Management Administration Zone C.  The area is expected 
to experience minimal flooding.  As shown on federal flood maps, the 100-year flood plain is 
confined within the Putah Creek levees at the southern LEHR boundary. 

Putah Creek is a “losing” stream (a portion of its flow recharges ground water).  Flow in the 
South Fork of Putah Creek is regulated by releases from Monticello Dam at Lake Berryessa and from 
the Putah Diversion Dam, located about 18 and 14 miles west of LEHR, respectively.  Based on data 
from 1980 through 1991, flows several miles upstream from LEHR typically range from 0.1 cubic  ft  
per second (cfs) to about three cfs, although flows as high as 15,500 cfs (in March 1983) have been 
reported (D&M, 1994).  In the reach bordering LEHR, flow in the South Fork of Putah Creek is 
supplemented by discharge from the UC Davis Wastewater Treatment Plant.  Based on data from a 
gauge near Old Davis Road, flow rates for the reach bordering LEHR ranged from 0.17 to 148 cfs 
from 1989 to 1993.   In May 2002, a settlement known as the “Putah Creek Accord” was reached 
between the Solano County Irrigation District, UC Davis and others.  The settlement provides 
minimum flows for the lower 23 miles of the creek during non-drought years. 

Former mercury mining above Lake Berryessa, which is located upstream of the LEHR Site 
and Putah Creek, may be the source of mercury detected in Putah Creek sediments and in shallow 
site soil. 

3.3.2 Storm Water Runoff 

As shown in Figure 2-4, storm water runoff at LEHR is collected in surface and subsurface 
drainage systems. The majority of the storm water from the paved areas on the western part of the 
site is collected in catch basins and routed to the LEHR storm water lift station-1,  (Figure 2-4).  This 
storm water is discharged to an unlined ditch on the east side of Old Davis Road, where it ponds 
temporarily and travels through a culvert to an unlined ditch on the west side of Old Davis Road.  
Precipitation that falls along the eastern and non-paved southern portions of LEHR, including most 
of the SWT and the former WDPs and EDPs, infiltrates into the soil.  Drainage for a section of the 
former Co-60 Field where dog pens were once located is connected to the sanitary sewer.  Water 
ponds during heavy rains in some areas at LEHR, including the former WDPs and EDPs.   
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3.3.3 Surface Water Quality 

Direct sampling of surface water in Putah Creek is conducted by UC Davis as part of its 
CERCLA responsibilities (Section 2.2.2).  Putah Creek water quality and its relation to potential 
impacts from the LEHR Federal Facility are summarized in Section 6.8.2. 

3.4 Geology 

LEHR and vicinity are in the Putah Plain of the Sacramento Valley (Department of Water 
Resources [DWR], 1978), which consists of alluvial fan deposits associated with Putah Creek.  These 
alluvial sediments consist primarily of silt and clay with localized, interfingered, coarse-grained 
sediments and are approximately 180 ft thick (DWR, 1978).  Beneath LEHR, the sediments are 
nearly flat-lying and conformably overlie the Tehama Formation, which consists of silts and clays 
with discontinuous lenses of coarse sands and gravel and is the principal water-bearing geologic unit 
on the west side of the Sacramento Valley.  Figure 3-2 is a block diagram showing the site 
hydrogeology. 

The depths and types of major sedimentary units encountered in boreholes beneath LEHR are 
described below from youngest to oldest.  Some of the units contain gradational sequences or more 
than one lithology.   

• 0 to 80 ft—Interbedded silt, clay and sand with some sand and gravel channel 
deposits.  The surficial soil is underlain by interbedded clay, silty clay, silt and 
sand.  This fine-grained interval is fairly continuous across LEHR and contains 
some coarse sand and gravel.  The ground water table occurs in this stratigraphic 
unit and varies in depth from approximately 15 to 65 ft below ground surface 
(bgs), depending on the season and total rainfall. 

• 80 to 135 ft—Cobbles and gravel.  Well-rounded cobbles and gravel are 
encountered approximately 80 ft bgs and appear to be laterally continuous 
beneath most of LEHR.  Where present, this unit is approximately 35 to 52 ft 
thick. 

• 135 to 143 ft—Clay and some silt.  Clay and silt underlie the cobbles and gravel.  
The top of this clayey unit is encountered at depths ranging from 120 to 137 ft 
bgs (D&M, 1993). 

3.5 Vadose Zone Soils 

The surface soil at LEHR has been mapped as Reiff fine sandy loam in the Soil Survey of 
Solano County, California (United States Department of Agriculture [USDA], 1977).  These soils are 
relatively young and weakly developed.  The “A” horizons are relatively thick and organic-rich, and 
therefore ideal for agriculture (USDA, 1977).  Surface soils have been disturbed in some areas of 
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LEHR, including the EDPs and Rows A and B of the former WDPs, as a result of subsurface 
excavation and construction activities.  

The vadose zone extends from the ground surface to the top of ground water table, which has 
historically ranged from 15 to 65 ft bgs.  The vadose zone consists primarily of unsaturated clay and 
silt with lesser amounts of interbedded sand and gravel. 

In 1996, nine vadose zone soil samples collected at various depths for geotechnical testing 
were analyzed by Daniel B. Stephens and Associates, Inc. for moisture content, bulk density, 
porosity, saturated and unsaturated hydraulic conductivity, moisture characteristics and particle 
density.  In general, the results were consistent with the silty clay to clay soil type observed in the 
field.  The physical measurement ranges are described below: 

• Gravimetric moisture contents ranged from 2.2% to 23.8% by weight; 

• Dry bulk densities ranged from 1.51 to 1.92 grams per cubic centimeter (g/cm3); 

• Calculated porosities ranged from 29.3% to 43.6%; and, 

• Saturated hydraulic conductivities ranged from 4.7x10-3 centimeters per 
second (cm/sec) to 1.0x10-8 cm/sec (D.B. Stephens & Associates, 1996). 

The hydraulic conductivities that were used in LEHR vadose zone modeling were not based 
on the DB Stephens results.  Rather, they were based on more conservative literature values for a 
given sediment type and ranged from 1.0x10-4 for cm/sec for sand to 1.0x10-6 cm/sec for clayey 
sandy silt. 

To provide information for evaluation of potential remedial alternatives in the EDPs area, 
four surface and four two- ft bgs soil samples were collected and analyzed for bulk density, porosity, 
and moisture content in 1999.  The results of these analyses are: 

• Moisture contents ranged from 5.8 to 20.1% by weight; 

• Bulk densities ranged from 1.5 to 1.96 g/cm3; and, 

• Calculated porosities ranged from 35.0 to 43.6% (WA, 1999c). 

3.6 Hydrogeology 

3.6.1 Geologic Aspects 

Unconsolidated Pliocene and Pleistocene deposits are the major ground water sources for 
public and private water supplies in the Sacramento Valley (DWR, 1978).  Both unconfined and 
confined fresh water aquifers are present in these sedimentary deposits in the uppermost 3,000 ft of 
the valley subsurface.   
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Previous investigations have identified five HSUs beneath the LEHR Site (D&M, 1999c):  
the vadose zone and HSUs 1 through 4.  The vadose zone extends from the ground surface to the top 
of ground water, which has historically ranged from 15 to 65 ft bgs.  The vadose zone consists 
primarily of unsaturated clay and silt with lesser amounts of interbedded sand and gravel.  HSU-1 
extends from the bottom of the vadose zone to a depth of approximately 76 to 88 ft bgs.  This unit is 
lithologically similar to the vadose zone and consists primarily of silt and clay, with lesser amounts 
of sand and gravel.  HSU-2 extends from the bottom of HSU-1 to a depth of approximately 114 to 
130 ft bgs.  This unit is composed primarily of sand in the upper portion of the unit and gravel in the 
middle to lower portions of the unit.  HSU-3, investigated in off-site areas, extends from the bottom 
of HSU-2 to a depth of about 250 ft bgs and is approximately 120 ft thick.  The unit consists 
primarily of relatively fine-grained sediments varying from very fine-grained sandy silt to clayey silt 
and silty clay.  HSU-4, investigated in off-site areas, extends from the bottom of HSU-3 to a depth of 
about 282 ft bgs and is approximately 32 ft thick.  This unit consists of coarse sand and gravel.  
Beneath HSU-4, a sharp contact with a bluish, dark gray silt was encountered at 282 ft bgs in wells 
UCD4-41 and UCD4-43.  The bottom of this unit was not penetrated in any of the LEHR Site 
borings (D&M, 1999c). 

The uppermost distinct aquifer beneath the LEHR Site has been divided into two HSUs 
(HSU-1 and HSU-2), based on stratigraphy and the associated ground water flow and contaminant 
migration characteristics (D&M, 1994).  Well drillers' logs indicate that a 90-ft-thick clay unit 
separates HSU-2 from a second aquifer below (D&M, 1994).  Based on hydrostratigraphic cross 
sections presented in the 2000 Annual Groundwater Monitoring Treatment System and Water 
Monitoring Report, HSU-1 and HSU-2 represent the Putah Creek fan and HSU-3, HSU-4 and the 
dark bluish gray silt beneath HSU-4 represent the Tehama Formation (URS, 2001). 

3.6.2 Hydraulic Aspects  

In the vicinity of the LEHR Site, ground water generally flows east from the Coast Ranges 
toward the Sacramento River (D&M, 1993).  The HSU-1 lateral gradient across the LEHR Site 
typically ranges from 0.01 to 0.04 ft/ft, predominantly to the northeast.  Representative values of 
HSU-1 horizontal hydraulic conductivity are between 1 x 10-4 and 1 x 10-7 cm/sec (D&M, 1999c).  
The lateral HSU-2 gradient across the LEHR Site typically ranges from 0.005 ft/ft to 0.015 ft/ft and 
is predominantly northeast, although it can occasionally be east-southeast.  Based on pumping tests, 
hydraulic conductivity in HSU-2 ranges from 0.26 to 0.43 cm/sec (D&M, 1997).  Not enough data 
are available for HSU-3 and HSU-4 to evaluate lateral gradient magnitude and direction or hydraulic 
conductivity ranges. 

Generally, there is a 20- to 30-ft seasonal fluctuation in the depth-to-ground water beneath 
the LEHR Site caused predominantly by agricultural pumping in the summer. Vertical gradients vary 
both temporally and spatially.  In 2000, vertical gradients were downward during the summer due to 
agricultural pumping and fairly neutral during the winter months.  In the summer of 2000, the 
hydraulic head difference between HSU-1 and HSU-2 was 2.86 ft and the head difference between 
HSU-2 and HSU-4 was 38.7 ft (URS, 2001).  Figures 3-3 and 3-4 show the seasonal ground water 
elevation contours for HSU-1 and HSU-2, respectively. 
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Irrigation, rainfall and Putah Creek recharge ground water in the vicinity of the LEHR Site 
(D&M, 1997).  Ground water pumping associated with agricultural and municipal supply is largely 
responsible for ground water withdrawal.  UC Davis extraction well EW2-1 only affects the HSU-2 
horizontal gradient in the vicinity of the well, which is located downgradient of the LEHR Site.  UC 
Davis is also injecting water in HSU-2 at injection well IW2-1, upgradient of LEHR.  This injection 
activity also only affects the horizontal gradient in the vicinity of the well. 

3.6.3 Ground Water Quality 

There is a total of 44 monitoring wells on and around the LEHR Site that monitor HSU-1, 
HSU-2 and/or HSU-4 (Figure 2-3).  Ground water samples from these wells and hydropunch 
locations provide information on ground water characteristics and quality.  Additional ground water 
quality data are available from agricultural and domestic water wells in the surrounding areas. 

The underlying ground water contains total dissolved solids (TDS) between 392 milligrams 
per liter (mg/l) and 1,710 mg/l, with the lowest concentration in HSU-4 and the highest concentration 
in HSU-1.  The TDS ranges for each HSU are: 472 mg/l (UCD1-18) to 1,710 mg/l (UCD1-12) in 
HSU-1, 428 mg/l (UCD2-37) to 910 mg/l (UCD2-14) in HSU-2, and 392 mg/l (UCD4-44) to 549 
mg/l (UCD4-47) in HSU-4 (URS, 2001).  Regional water quality has been impacted by the presence 
of nitrates due to agricultural sources, and Cr-VI, probably from natural sources (D&M, 1990b; UC 
Davis, 1997).  Ground water in HSUs 1 and 2 also has been impacted by past LEHR Site activities.  
Waste disposal by UC Davis is the likely source of chloroform, C-14 and tritium in ground water.  
However, sources for other COCs have not been determined.  The potential impact of LEHR Federal 
Facility sources on ground water is discussed by source area in Section 6.. 

At various depths beneath the valley floor, fresh water gives way to saline water as a result of 
entrapment during the deposition of sediments in a marine environment.  The depth to the base of 
fresh water in the Sacramento Valley is 2,600 to 3,100 ft bgs in the Davis area [Division of Oil and 
Gas (DOG), 1982].  The occurrence and characteristics of ground water beneath the LEHR Site have 
been summarized in numerous reports (WA, 1997f; D&M, 1999c; and PNNL, 1996b).  

3.7 Demography and Land Use 

3.7.1 Demography 

LEHR is part of the Davis/UC Davis community. The main UC Davis campus and the City 
of Davis (downtown area) are located 1.2 and 1.9 miles, respectively, north of LEHR (Figure 3-5).  
UC Davis has a 3,600-acre campus and research area, has a student population of approximately 
26,094, and employs approximately 16,773 full-time faculty and staff based on fall 2000 figures (UC 
Davis Website, 2002).  The current population of Davis is approximately 60,308 and the current 
population of Yolo County is over 168,660 (U.S. Census Bureau, 2002).  In 1999, the total 
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employment in Yolo County was 86,200 with government providing 31.9% (27,500) of those jobs.  
The City of Davis has approximately 21,000 housing units.  The average population density in the 
counties surrounding LEHR ranges from 112 to 806 people per square mile.  Agriculture is a small 
fraction of total employment. 

Many of the buildings used for DOE-funded research activities at LEHR in the past are 
currently occupied by the CHE program.  CHE has 14 resident and 13 affiliate faculty members, and 
9 support staff, and houses the Division of Reproductive Biology, UC Agricultural Health & Safety 
Center, and IR-4 research programs.   

3.7.2 Land Use 

LEHR is designated as “Urban and Built-Up Land” by the State of California Department of 
Conservation for Yolo and Solano Counties Important Farmlands Maps (UC Davis, 1997).  Specific 
land uses for LEHR and the immediate adjacent areas are under the control of UC Davis and are 
consistent with the UC Davis long-range development plans (UC Davis, 1997). 

As shown on Figure 3-5, land in the immediate vicinity of LEHR is either part of the UC 
Davis campus or used for agriculture.  Immediately adjacent to LEHR are the UC Davis Raptor 
Center and animal research facilities.  The Raptor Center primarily houses raptors that have been 
injured or orphaned.  Additionally, an unrestricted outdoor area containing a burrowing owl project is 
located about 1,500 ft east of LEHR.  Other UC Davis animal research includes horses, cows, goats 
and other domesticated farm animals located in outdoor corrals and pens.  Agricultural land is south 
of Putah Creek and east and west of property owned by UC Davis.  Wheat, tomatoes, corn, barley 
and oats are mainly grown on this agricultural land.   

Future land use plans for the surrounding areas outside of UC Davis do not identify 
significant changes, with the exception of development of a light industrial area about one mile north 
of LEHR near I-80 and within the boundaries of the City of Davis.  According to UC Davis, LEHR 
use will remain research-oriented for the foreseeable future. 

3.7.3  Surface and Ground Water Use 

3.7.3.1 Drinking Water Intakes and Distribution 

LEHR Site ground water is not currently used for drinking water or other direct human use, 
nor is it expected to be used for these purposes in the future.  Drinking water is supplied to LEHR by 
the campus water system, which is supplied by five deep wells; the nearest well, DW-4, is about 400 
ft north of LEHR.  The screened interval for domestic water production well DW-4 is 1,120 to 1,400 
ft bgs, well below the depth of contamination beneath the LEHR Site.  

There are 19 municipal wells within four miles of LEHR, serving approximately 47,500 
people (US EPA, 1994a). Six domestic water supply wells and six agricultural water supply wells are 
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located in the vicinity of the LEHR Site.  Bottled water is being supplied temporarily to some local 
residents as a precautionary measure.  

3.7.3.2 Water Recreational Areas 

The South Fork of Putah Creek is used for recreational activities such as fishing, swimming, 
rafting and other related water activities.  The creek and channel with its dense vegetation and trees 
constitute an open space area that provides habitat for birds and small wildlife.  

3.8 Ecology 

The biological resources discussed here are plant communities and wildlife.  Detailed 
information on the plant communities and wildlife has been gathered to develop an Ecological 
Scoping Assessment for LEHR (WA, 1997a).  The subsections below summarize existing site plants 
and wildlife.  All plant and animal species known or expected to occur on-site or nearby are listed in 
Tables B-1 and B-2 of the Draft Final Ecological Scoping Assessment (WA, 1997a).  

3.8.1 Plant Communities 

Areas of LEHR not covered by buildings, structures and pavement support ruderal vegetation 
(e.g., weeds), non-native grassland, landscaping (primarily horticultural trees) and bare ground.  
Habitats include ruderal/non-native grassland, buildings and structures and ruderal/landscape 
ornamental trees.  The locations within LEHR that do not fall within one of these three habitats are 
few and sparse but may be foraged.  No naturally occurring special-status communities occur at or 
immediately adjacent to LEHR, including the South Fork of Putah Creek and the channel it lies 
within.   

Special-status species are those species of plants and animals defined under the Endangered 
Species Act (50 Code of Federal Regulations [CFR] 17.12), California Endangered Species Act 
(14 CFR 670.5) and those considered sufficiently rare by the scientific community to qualify for such 
a listing.  No special-status species of plants were detected or have been recorded at LEHR or the 
surrounding region within approximately a one-mile radius of LEHR. 

3.8.2 Wildlife 

A variety of animal species have been observed at LEHR and the adjacent areas.  Although 
many of these animal species are not likely to live at LEHR, they may forage there.  Resident 
burrowing mammals observed at LEHR include the California ground squirrel, California vole, 
Botta’s pocket gopher and various mice species.  Common predatory mammals and reptiles likely to 
forage on-site include the coyote, gray fox, red fox, house cat, gopher snake and garter snake.  
Common predatory birds likely to forage on-site include the red-tailed hawk, red-shouldered hawk, 
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American kestrel, great-horned owl and barn owl.  Common fish expected in the creek include 
largemouth bass, green sunfish, carp and catfish.  Fish-eating animals likely to occur in the South 
Fork of Putah Creek include river otter, beaver and muskrat.   

A total of seven special-status wildlife species are considered to have a moderate to high 
potential to inhabit or forage on-site.  A total of 26 special-status wildlife species have been recorded 
in the vicinity of LEHR or are considered to have a moderate to high potential for occurrence in the 
area. A potential habitat for the valley elderberry longhorn beetle (Desmocerus californicus 
dimorphus) consisting of seven elderberry bushes was identified in both the WDPs and EDPs. 

The South Fork of Putah Creek is identified as wetlands by the United States Army Corps of 
Engineers.  Wetlands perform vital ecological functions and are important to the public interest.  
They provide communities with a variety of resident and migratory animal species habitat, breeding, 
spawning and forage areas.  The dense vegetation and trees at the South Fork of Putah Creek channel 
represent an open space area that provides habitat for birds and small wildlife.  Wetlands also provide 
for the movement of water and sediments, ground water recharge, water purification, storage of 
storm water runoff and recreation.   



Figure 3-1. Wind Rose, Sacramento International Airport
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4. SITE BACKGROUND CONCENTRATIONS, CONTAMINANT FATE 
AND TRANSPORT, AND PRELIMINARY RISK SCREENING 

This section describes the approach and procedures DOE has used as the basis for developing 
RBASs to guide the LEHR Federal Facility RAs.  The basic elements of the DOE approach are: 1) 
establish background levels for naturally-occurring COCs (Figure 2-2); 2) develop RBASs for three 
selected scenarios for each COC; 3) designate the higher of background or the lowest RBAS as the 
RAS for each COC; and, 4) conduct a DL analysis for those COCs remaining after each RA that 
might potentially impact underlying ground water.  Section 4.1 describes how the background COC 
levels in Table 4-1 were calculated.  Section 4.3 describes RBAS development.  Before RBASs could 
be calculated, COC fate and transport was evaluated, potential exposure pathways assessed, and 
likely exposure scenarios were developed.  The fate and transport evaluation for RBAS development 
is summarized in Section 4.3.1 and exposure pathway and scenario development is summarized in 
Section 4.3.2.  Section 4.3.3 summarizes the parameters and approach used for RBAS risk 
calculations for the three selected scenarios.  Table 4-1 summarizes the results of these RBAS 
calculations.  Section 4.4 summarizes the DL approach used to assess the likelihood of ground water 
impact from the COCs remaining in soil after each RA.   

For the SWRA, UC Davis, with input from DOE, will evaluate the site-wide risk associated 
with both DOE and UC Davis contaminant sources based on data of adequate quality and 
representative of current site conditions.  Although future risk assessment will replace them, the 
RBASs provide a useful reference for results presented in this RI.  US EPA Region 9’s preliminary 
remediation goals (PRGs) for soil under both the residential and industrial scenarios are included on 
Table 4-1 for comparison with the LEHR Federal Facility RBASs and are also used as references for 
results presented in this RI. 

4.1 Site Background Concentrations 

As discussed in Section 2.3.1, five field investigations have been conducted at and near the 
LEHR Site to obtain data for estimating background concentrations of naturally occurring 
constituents.  A statistical testing approach was developed to analyze the data from these 
investigations, first to determine if constituents were stratified laterally, with depth and/or soil type, 
and then to establish background concentrations.  This analysis is presented in detail in Appendix D 
of the RA Work Plan (WA, 2000c). 

Based on the statistical analysis, nine of 19 metals and 12 of 21 radionuclides showed enough 
natural variability with depth to warrant calculation of two different soil background levels: one for 0 
to 4 ft bgs, and one for greater than 4 ft bgs.  To some extent this stratification with depth is related to 
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soil type (generally sandier in the first four  ft ).  The statistical analysis found no significant lateral 
variation in soil background levels in samples collected in all directions from the LEHR Site. 

After the appropriate data sets were identified, background levels were calculated for each 
constituent and depth interval.  First the data distribution for each background constituent was 
examined to determine if it was normal, log-normal, or neither.  Then the 80% lower confidence limit 
(LCL) on the 95th percentile of each data set was calculated based on the data distribution to establish 
the background level.  For constituents with many concentrations below the detection limits, the 
maximum likelihood estimator procedure was used to calculate the 80% LCL on the 95th percentile 
(Gilbert, 1987).  The background concentrations for LEHR Federal Facility COCs calculated using 
this approach are shown on Table 4-1. 

4.2 Constituent of Concern Identification 

To select the Site COCs, all of the chemical and radiological data collected at the Site were 
evaluated to determine if sample collection and analysis methods, quality assurance/quality control 
(QA/QC) procedures and database files were acceptable.  Data that were not collected from DOE 
areas were excluded. Soil sample data were sorted by operable unit (OU) and chemical.  All 
chemicals with no detections in soil were evaluated through historical records and data from other 
media to determine whether the compound was likely to be present.  A background comparison was 
conducted to eliminate contaminants present below site-specific background.  If less than ten1 
samples contained detectable concentrations, the maximum detected concentration was selected for 
comparison with background.  Otherwise, the 95% upper confidence limit on the mean was 
calculated using US EPA procedures (US EPA, 1994b) for comparison with background. 

Some compounds were below laboratory detection limits for all soil samples collected from 
the DOE areas.  Compounds that were not detected in soil in any of the DOE areas, and were not 
believed to exist at the Site from review of previous site activities, were eliminated from the data set 
and were not included as potential COCs.  For radionuclides, the entire data set, including 
concentrations reported below the sample-specific Minimum Detectable Activity (MDA) was used to 
calculate the concentration terms for comparison with background following DOE guidance (DOE, 
1991). 

Compounds that were detected in soil in any of the DOE areas were selected as potential 
COCs in ground water-related pathways.  VOCs detected in soil in any of the DOE areas were 
selected as COCs in indoor and outdoor air for Scenario 1.  VOCs were not considered COCs for 
Scenarios 2 and 3 (excluding the ground water pathway in Scenario 2) because contaminant transport 
is through fugitive dust dispersion and deposition.  VOCs are not capable of remaining adsorbed to 

                                                   

1 Sampling data from Superfund sites have shown that data sets with fewer than 10 samples per exposure area 
provide poor estimates of the mean concentration (US EPA, 1992).  Thus, the maximum concentration is selected to 
represent the data set. 
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fugitive dust particulates during dispersion and deposition transport process due to rapid 
volatilization. 

All compounds except VOCs in soil in the DOE areas were selected as COCs in fugitive dust 
emissions and soil deposited after off-site transport to receptor locations in Scenarios 2 and 3.  Non-
volatile contaminants present in fugitive dust, and therefore possibly present in off-site soil as a 
function of deposition, were also selected as COCs in milk, meat and fruit/vegetable media due to 
possible contaminant uptake for Scenarios 2 and 3. 

Compounds that were detected in both DOE OU soil and storm water runoff were selected as 
COCs in storm water.  The method detection limit (MDL) was compared to US EPA fresh water 
ambient water quality criteria or California Inland Surface Water criteria for compounds that were 
detected in soil but not detected in storm water run off.  If the MDL was above ambient water quality 
criteria the compound was selected as a potential COC in surface water. 

4.3 Risk-Based Action Standard Development  

DOE developed RBASs for soil potentially impacted by the LEHR Federal Facility primarily 
to provide guidelines for non-time-critical RAs.  As described in Section 6.1, the first two removal 
action objectives (RAOs) for each RA were: 1) reduce the cumulative cancer risk to a nominal range 
of 10-4 to 10-6, using 10-6 as the point of departure; and, 2) reduce the cumulative non-cancer HQ to 
below 1.0.  The RBAS for individual COCs were used to calculate these risks. 

The approach for establishing RBASs for LEHR Federal Facility soil was agreed to by the 
RPMs in 1997 and is summarized in Figure 4-1.  First, chemical and radionuclide COCs were 
identified as those present in soil above background levels.  Next, RBASs for these contaminants 
were calculated using the Argonne National Laboratory computer model RESRAD (Residual 
Radioactivity [model]) for radionuclides and a RAGS-based approach for chemical constituents.  To 
complete the RESRAD back-calculations, it was necessary to relate LEHR Federal Facility source 
area soil concentrations to concentrations in exposure media at the receptor location for selected 
scenarios.  This required: 1) developing likely exposure scenarios based on the site conceptual 
model; and 2) conducting fate and transport modeling to establish the relationship between source 
area COC levels and those in the exposure media at the receptor location for each scenario.  This 
process is described further in the following subsections. 

4.3.1 Fate and Transport Evaluation 

Fate and transport modeling was conducted to correlate LEHR Federal Facility source area 
concentrations to those in exposure media at the receptor locations for each of the three scenarios 
developed for RBAS calculation (Sections 4.3.2 and 4.3.3).  Detailed descriptions of the modeling 
approaches, parameters and results are included in Attachments C through G of the Draft Final 
Determination of Risk-Based Action Standards for DOE Areas (WA, 1997d).  In summary, 
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contaminant fate and transport in air, soil, surface water, ground water, and biological media were 
modeled using RAGS or other US EPA-recommended models when available, and RESRAD was 
used for radionuclides.  As discussed in more detail in Section 4.4, the NUFT model (Nitao, 1998) 
was used to evaluate transport from the vadose zone to ground water.  The use of this model is 
discussed in the RPM-approved Work Plan for Removal Actions in the Southwest Trenches, Ra/Sr 
Treatment Systems, and Domestic Septic System Areas (WA, 2000c). 

Site physical characteristics such as precipitation, surface runoff, wind direction/speed, 
subsurface hydrogeology, and Putah Creek flow used in the fate and transport modeling are discussed 
in Section 3.  For RBAS calculations, the subsurface geology was generalized and COCs were 
conservatively assumed to be uniformly distributed in the first 15 ft of the subsurface.  As discussed 
in Section 4.4, these assumptions were modified for the post-RA DL analysis based on area-specific 
information.  In addition, area-specific Hg RBASs were calculated for the SWT and WDPs areas.  
Calculation of area-specific Hg RBASs for the Ra/Sr Treatment Systems is in progress. 

4.3.2 Exposure Pathways and Scenarios 

Three exposure scenarios were considered based on the likely exposure pathways for LEHR 
and vicinity.  Scenario 1, On-site Researcher, represented potential on-site workers that might be 
exposed to source area soil through external radiation from ground surface radionuclides (for 
radionuclides only), ingestion, inhalation and dermal exposure.  Scenario 2, the East Side Residential 
Farmer, represents potential off-site residential farmers that might be exposed to potentially impacted 
ground and surface water (via recreational use), and via external radiation from ground surface 
radionuclides (for radionuclides only), inhalation of fugitive dust, soil ingestion, and agricultural 
foods potentially impacted by fugitive dust migration from the on-site source areas.  Scenario 3, the 
South Side Residential Farmer, is identical to Scenario 2 except that exposure to impacted ground 
water was not included, since ground water flow is generally toward the east, away from this receptor 
location, and ground water contamination (if any) does not impact Putah Creek. 

4.3.3 Risk Calculation 

For chemical constituents, chemical dose, or intake, was calculated using the intake equations 
presented in Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual 
(Part A) (US EPA,1989). Incremental human health risk was then calculated using toxicological 
parameters from the US EPA Region IX August 1996 Preliminary Remedial Goals tabulation and the 
US EPA’s Integrated Risk Information System online database.  RBASs for carcinogenic compounds 
were calculated for 10-4, 10-5, and 10-6 risk, consistent with  NCP, 40 CFR part 300.  RBASs for non-
carcinogens were based on a HQ of 1.0, consistent with US EPA guidance.  The RAS for source soil 
was then determined by iterative back-calculation to determine the source soil concentration that 
yields the target incremental cancer risk (or target HQ) value.  The target incremental cancer risk (or 
target HQ) is a sum of risk (or HQ) across all pathways for a particular chemical and a particular 
exposure scenario.  Radionuclide action standards were similarly calculated using RESRAD Version 
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5.62, which uses the US EPA dose conversion factors from the 1995 Health Effects Assessment 
Summary Tables (HEAST).  For each radionuclide, the target risk is equivalent to a specific 
radiologic dose to the receptor.  For chemical and radiological constituents, this approach closely 
parallels that devised in Risk Assessment Guidance for Superfund, Part B, Development of Risk-
Based Preliminary Remediation Goals (US EPA, 1991), in which soil concentrations equivalent to 
RBASs are back-calculated based on a target risk level, rather than a forward calculation approach in 
which measured concentrations in environmental media are used to estimate risk. 

Table 4-1 presents the RBASs calculated for a 10-6 incremental cancer risk and/or HQ of 1.0 
for each of the three scenarios for all LEHR Federal Facility COCs.  Site-specific background levels 
are also presented.  Note that the RBASs for inorganic chemicals are especially conservative because 
they include the risk associated with background levels.  In the event that the calculated RBAS was 
below the site-specific background level for a given contaminant, the RAS used during the RAs was 
the site-specific background level.  On Table 4-1, the RAS for each COC is shown in bold-type, and 
the US EPA PRGs for residential and industrial scenario soil are included for comparison.  As shown 
on Table 4-1, the lowest RBAS is typically within an order of magnitude of the residential PRG.  For 
most of the key LEHR Federal Facility COCs, including Ra-226, Sr-90, chlordane, and Hg, the site-
specific RAS is lower than the residential PRG. 

As noted above, the RBASs have been used to guide the LEHR Federal Facility RAs.  In 
addition, the RBAS assumptions and calculations have been used for forward risk calculations 
following the RAs.  The cumulative cancer risk and non-cancer hazard resulting from all COCs 
remaining following each RA were calculated, and in every case were found to be at the lower end of 
the 10-4 to 10-6 excess cancer risk range and below a cumulative non-cancer HQ of 1.0, indicating the 
RAOs were achieved.    

4.3.4 Risk Assessment Exposure Pathways and Scenarios 

The exposure pathways for potential receptors used in the upcoming Site-Wide Risk 
Assessment are described below.  This information was taken directly from the Draft Site-Wide Risk 
Assessment  (UCD, 2003).  Figures 4-2 through 4-4 show the potentially complete exposure 
pathways for all of the DOE areas.  The exposure pathways for the potential ecological receptors are 
discussed in the Draft Tier 1 Ecological Risk Assessment (UCD, 2002c). 

4.3.5 The On-Site Outdoor Researcher 

• Air—An on-site outdoor researcher might inhale dust containing Site-related 
chemicals migrating from surface soil.  Though waste buried on-site was 
reported to be covered with non-impacted soil, adequate data has not been 
collected to eliminate this pathway. 
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• Soil—With the same caveat, an on-site outdoor researcher might ingest and 
dermally contact surface soil in the course of his/her day.  In addition, an on-site 
outdoor researcher might inhale VOCs migrating from subsurface soil. 

• HSU-1 Ground water—An on-site construction worker might inhale VOCs 
migrating from HSU-1 ground water. 

The UC Davis water supply is drawn from deep ground water campus wells (300-700 ft bgs) 
upgradient of the site, so ingestion and dermal exposure to Site ground water was excluded as a 
pathway. 

4.3.6 The On-Site Indoor Researcher 

An on-site indoor researcher could be exposed to Site-related chemicals through the 
following media and exposure routes: 

• Air—An on-site indoor researched might inhale dust containing Site-related 
chemicals migrating from surface soil (but less than an outdoor researcher).  
Again, no surface soil contamination is known to currently exist. 

• Soil—An on-site indoor researcher might ingest and dermally contact surface 
soil in the course of his day (but less than an outdoor researcher).  In addition, 
an on-site indoor researcher might inhale VOCs migrating from subsurface soil 
and ground water and into the building. 

The UC Davis water supply is drawn from deep campus wells (300-700 ft bgs) upgradient of 
the site, so ingestion and dermal exposure to Site ground water was excluded as a pathway for the on-
site indoor researcher. 

4.3.7 The On-Site Construction Worker 

An on-site construction worker could be exposed to Site-related chemicals through the 
following media and exposure routes: 

• Air—An on-site construction worker might be exposed to external radiation 
from soil or inhale dust containing Site-related chemicals migrating from 
surface soil (see caveat above). 

• Soil—An on-site construction worker might ingest and dermally contact both 
surface and subsurface soil.  In addition, an on-site construction worker might 
inhale VOCs migrating from subsurface soil. 

• HSU-1 Ground water—An on-site construction worker might inhale VOCs 
migrating from HSU-1 ground water. 
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copies, and enters the qualifiers from the data validation process.  The Project Chemist approves the 
data for import and the Database Manager imports the data into the permanent database table. 

Location data from professional surveys and sample location data collected by field 
personnel are transferred to electronic form and imported into the database table by the Database 
Manager or a qualified designee.  Data integration or exchange between DOE and UC Davis was 
conducted in accordance with the Final Data Integration Strategy Memorandum (WA, 2000e). 

5.2.2 Data Validation and Review Pursuant to Data Quality Objectives 

Data review or full data validation was performed on 100% of the samples using the 
guidance of the US EPA Contract Laboratory Program National Functional Guidelines for Organic 
Data Review (US EPA, 1998a) and US EPA Contract Laboratory Program National Functional 
Guidelines for Inorganic Data Review (US EPA, 1998b).  Data validation and review were 
conducted in accordance with Section 9 of the Final Quality Assurance Project Plan (Weiss, 2000d).  
Full data validation was performed on 10% of site investigation and confirmation samples, and data 
review was performed on the remaining 90%.  Organic data were reviewed for holding times, blank 
analysis results, gas chromatograph/mass spectrometer tuning, instrument calibrations, internal 
standard areas, laboratory control samples, matrix spike/matrix spike duplicate, and surrogate 
recovery.  Metals, general chemistry and radiochemistry data were reviewed for holding times, blank 
analysis results, matrix spike/matrix spike duplicate /sample duplicates, laboratory control samples, 
and instrument calibrations.  

The sampling and analysis programs that were conducted during the CERCLA investigations 
and RAs were developed using the data quality objectives (DQOs) process described in Guidance for 
the Data Quality Objectives Process, US EPA document number QA/G-4 EPA/600/R-96/055 (US 
EPA, 2000).  The DQO process is a systematic planning tool for establishing criteria for DQOs and 
for developing data collection designs.  The seven steps used to design the sampling and analysis 
programs are: 1) statement of the problem; 2) identification of decisions; 3) identification of inputs to 
decisions; 4) definition of study boundaries; 5) development of decision rules; 6) specification of 
limits on decision errors; and, 7) sample design optimization.   

5.2.3 Data Assessment 

The data assessed for use in the RI are laboratory results collected to characterize the current 
condition of the DOE RI Areas at the LEHR Site.  The laboratory results apply to: 

• All soil or solid samples used for site characterization or RA confirmation in 
DOE RI Areas that were collected to CERCLA standards after the site was listed 
on the NPL. 

• Ground water samples from wells UCD1-4, UCD1-12, UCD1-13, UCD1-18, 
UCD1-20, UCD1-21, UCD1-23, and UCD1-24 (UC Davis wells used to assess 
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potential ground water impact from DOE areas) and all storm water monitoring 
samples collected from 1995 through 2001.    

• All air monitoring samples. 

This data assessment identified all qualified and unqualified data and evaluated the impact of 
qualified data on use in the RI (see Appendix A).  In general, the impact from qualified data was 
insignificant and did not affect the findings, conclusions, and recommendations made in the RI.  A 
summary of the percentage of qualified and unqualified data and the qualifier definitions are 
presented below in Table 5-2. 

Table 5-2. Percentages of Qualified and Unqualified Data 

Sample Type R Qualified J Qualified UJ Qualified Not-Detected 
U Qualified 

Unqualified 
Detection 

Soil 0.3% 5 % 8 % 69% 83% 

Water 0.1 % 2 % 6 % 80 % 90 % 

Air 0.1 % 5 % 10 % 60 % 90 % 

 

• R Qualified—Sample results are rejected with an "R" qualifier when a data 
validation expert reviews the laboratory data and finds evidence of serious 
deficiencies in the ability to analyze a sample and meet QC criteria.  The "R" 
qualifier indicates that the data cannot be used to verify whether the analyte was 
present or absent from the sample.  "R" qualified results were not used in the RI. 

• J Qualified—Application of the J qualifier to analytical data means that the 
analyte was positively identified in the sample, but the analytical result is an 
approximation of the analyte concentration in the sample.  These data were used 
qualitatively in the RI.  

• UJ Qualified—Application of the UJ qualifier means the analyte was not 
detected above the reported quantitation limit.  However, the reported 
quantitation limit is approximate and may or may not represent the actual limit 
of quantitation necessary to accurately and precisely measure the analyte in the 
sample.  The quantitation limit is greater than the detection limit and it 
represents the lowest level that the concentration value is accurate and precise.  
These data were used qualitatively in the RI. 

• U Qualified—Application of the U qualifier means the laboratory analyzed for 
the analyte, but the analyte was not detected above the reported sample detection 
limit (non-detect results).  These data were used quantitatively in the RI. 

• Unqualified Detection—These data were detected in the sample and found to be 
accurate and precise by the data validation expert.  These data were used 
quantitatively in the RI. 
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The only DOE Areas data used in the RI whose data quality was significantly impacted were 
several Cr-VI results qualified "UJ" due to laboratory contamination.  The laboratory contamination 
for these qualified results was significant in comparison to the RA and ground water protection 
standards.  The qualified Cr-VI results are shown in Table A-6 and the impact on data quality is 
discussed in Appendix A.  

The percentages of DOE Areas data that were qualified due to hexavalent chromium blank 
contamination are: 

Southwest Trenches Area – 16% 

Domestic Septic System 4 – 50% 

Dry Wells Area – 20% 

Radium/Strontium Treatment Systems Area – 9% 

Western Dog Pens – 25%  

The percentage of hexavalent chromium contaminated soil blanks for all DOE Areas data 
was 14% of soil blanks analyzed.  This percentage is significant enough to cause DOE areas to fail 
the sensitive statistical tests used to evaluate cleanup attainment and could result in a decision to 
initiate cleanup in areas that have attained background concentrations.  Because of the blank 
contamination, these data were only used qualitatively in the RI with the knowledge that they carried 
a positive bias near or above the RA and ground water protection standards. 

The positive bias in hexavalent chromium data for DOE Areas soil samples was compounded 
by a negative bias in hexavalent chromium results for background soil samples collected in 1997.  
The two forms of bias are a compounded problem because background is a primary point of 
comparison for DOE Areas data.  All of the hexavalent chromium results for background soil 
samples collected in 1997 were qualified due to matrix spike recoveries below control limits, which 
indicates the negative bias.  The hexavalent chromium background value of 0.054 milligrams per 
kilogram (mg/kg) carries this bias because it was determined using only 1997 background data.   

The negative bias in hexavalent chromium soil background was likely due to the sample 
preparation method used by the laboratory.  The background soil samples were prepared following 
California Air Resources Board (CARB) Method 425, which was designed for air samples rather 
than soil matricies.  Subsequent samples were prepared following EPA Method 3060A, which was 
designed for soil matricies. 

5.3 Changes/Improvements in Methodology 

The quality of laboratory data has changed for several analytes during the LEHR project due 
to changes in analytical methods and contract laboratories.  The changes have resulted in improved 
analytical precision, accuracy, sensitivity, and qualitative identification of analytes.  Data validation 
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qualifiers do not necessarily reflect these changes because data are validated independently and not 
comparatively.   

The most notable improvement in data quality resulted from changes made to the Ra-226 
analytical method at the recommendation of California Department of Health Services.  Beginning in 
October 1997, the Ra-226 analytical method was improved by employing a daughter product in-
growth technique.  The daughter products Lead-214 (Pb-214) and Bismuth-214 (Bi-214) were 
allowed a 30-day in-growth period before counting and determining Ra-226 based on decay chain 
equilibrium.  Ra-226 was previously analyzed by alpha spectroscopy using modified EPA Method 
903.1 and direct gamma spectroscopy using modified EPA Method 901.1, which were less precise 
and had poor sensitivity.  The direct gamma spectroscopy method was especially problematic 
because it relied on the 186 kilo-electron volt (keV) Ra-226 gamma spectra, which is poorly 
resolvable due to U-235 interference at the same energy.  Ra-226 data presented in this RI include 
alpha spectroscopy results prior to October 1997 and in-growth gamma spectroscopy after that date.  
Gamma spectroscopy results using the 186 keV Ra-226 spectra were not used. 

Improvements in the Sr-90 sample preparation method were also implemented in October 
1997.  Samples were previously prepared using a selective purification process to form strontium 
carbonate precipitate, which was counted for gross beta by EPA Method 905.0.  Because the 
precipitation process occasionally failed to selectively separate strontium in the sample, the Sr-90 
result sometimes greatly exceeded the sample's gross beta activity.  After implementing a column 
separation technique to fractionate strontium from the sample, no Sr-90 results were found to 
significantly exceed the gross beta activity.  

A statistically significant change in analytical method/procedure accuracy between 
November 1994 and October 1997 was found for six analytes when background soil boring data were 
analyzed.  The findings of the background analysis are presented in Appendix C of the Final 
Southwest Trenches Area 1998 Removal Action Confirmation Report (WA, 2001e).  The effected 
analytes were Pb, actinium-228, gross alpha, gross beta, Pb-214 and thorium-234 (Th-234).  Because 
background soil data collected in November 1994 were found to have conclusively shifted sample 
means, the data were eliminated from background value determinations for the six analytes.  

In general, data quality was improved or remained the same for all analytes due to the 
analytical method and procedure changes that were implemented in November 1997.  None of the 
analytes showed a significant decline in method sensitivity or precision after the 1997 changes were 
implemented. 

Updated CLP standards were implemented for inorganic and organic compound analytical 
methods.  The inorganic method of metals analysis was updated from CLP inorganic laboratory 
method (ILM) 3.0 to CLP ILM 4.0 in June 2000.  The analytical method for pesticides/PCBs, VOCs 
and SVOCs was updated from CLP organic laboratory method (OLM) 3.1 to CLP OLM 4.2 in April 
2002.  No significant changes in data quality were found with the CLP method updates. 
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The confirmation sample data indicate that all of the Sr-90 contamination above the RAS has 
been removed.  With the exception of samples SSRSC035 and SSRSC039, the confirmation data also 
suggest that the Ra-226 contamination above the RAS has been removed.  The Ra-226 confirmation 
data set is statistically indistinguishable from the LEHR site background data set (per the Wilcoxon 
Rank Sum [WRS] test), and therefore residual Ra-226 does not appear to be present above 
background (which for Ra-226 is the RAS) in the RA area.  All of the Area II nitrate confirmation 
data were below the RAS.  Eight Area I confirmation samples contained nitrate above the RAS, 
indicating that some residual nitrate contamination remains in that area.  

A detailed confirmation sample data evaluation is presented in the Final Radium/Strontium 
Treatment Systems Area Removal Action Confirmation Report (WA, 2001c).  This evaluation 
included a human health risk analysis, based on the site-specific lowest RBAS, and a DL analysis.  
Background comparisons were performed for ten COCs with an RBAS less than the background 
value. WRS Tests and Quantile Tests were used to perform background comparisons for antimony, 
barium, cadmium, copper, Pb, manganese, Hg, Ra-226, thorium-228 (Th-228), and thorium-232 (Th-
232).  All of these constituents with the exception of Hg passed the WRS and Quantile Tests and 
therefore were eliminated from the human health risk screening.  The human health risk analysis 
indicated that the RA activities reduced the cumulative cancer risk to a nominal range of 10-4 to 10-6.  
The risk analysis also determined that the non-cancer HQ was reduced below 1.0 for all COCs. A 
Hot Measurement Analysis was also conducted on the confirmation data. Hg was the only COC that 
failed the hot measurement analysis.   

The preliminary DL analysis retained Cr-VI, nitrate, Hg, C-14 and Cs-137 as DL COCs.DL 
data gaps sampling was conducted at the Ra/Sr Treatment Systems area to provide additional 
information on the vertical distribution of Cs-137, C-14, Cr-VI, Hg and nitrate in soil.  The two 
confirmation samples with the highest and second highest activities/concentrations for Cs-137, C-14 
and nitrate (as indicated by the confirmation sample analytical data) were used to select boring 
locations (Figure 6-6).  The confirmation sample locations with the three highest Cr-VI and Hg 
concentrations were selected for sampling.  Sample location SSRSC035 was also re-sampled at 42.5 
ft bgs and additional samples were collected at 45 and 47.5 ft bgs at the request of the RPMs due to 
an elevated Ra-226 concentration at the original 42.5 ft bgs sampling location.  The samples were 
analyzed for the COC associated with each sampling location.  The sampling approach is discussed 
in greater detail in the Designated-Level Sampling and Analysis Plan Addendum for the 
Radium/Strontium Treatment Systems Area (WA, 2001b). 

The analytical results of the DL samples are presented in Table 6-6.  As shown, C-14 results 
are below the LEHR background level of 0.13 pCi/g in all samples from both borings, with no 
obvious activity trend with depth.  Cs-137 activities in boring DL-11 are above the LEHR 
background level of 0.00695 pCi/g at 11, 16 and 21 ft bgs; the maximum activity was measured at 
0.664 pCi/g in the sample collected at 16 ft bgs.  In boring DL-12, samples at 12 and 22 ft had 
slightly elevated Cs-137 activities.  Cr-VI concentrations were detected above the background 
concentration of 0.054 mg/kg in all of the samples from all of the borings, with no obvious 
concentration trend with depth.  Hg was detected above the 0.248 mg/kg background concentration 
in borings DL-7 and DL-8 at 31 ft and 7.5 ft, respectively.  Nitrate was detected above the 36 mg/kg 
background concentration in one of three samples from boring DL-4 (41.5 mg/kg at 30 ft bgs), and in 
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five of six samples from boring DL-5 at concentrations ranging from 39.5 to 132 mg/kg, with no 
obvious concentration trend with depth.  All of the Ra-226 results from boring DL-13 were below the 
background level of 0.75 pCi/g.  In addition, the Ra-226 activities in boring DL-13 decreased with 
depth. 

As described in the following section, the data collected during the DL sampling were used in 
vadose zone modeling to evaluate the potential adverse impacts to ground water.  This evaluation 
was conducted using all validated data with accurate x,y,z coordinates that represent remaining (i.e., 
not excavated) material (see Section 4.4).  These results are also discussed in the following section. 

6.2.5 Ground Water Impact Evaluation 

As noted above, the Ra/Sr Treatment Systems area COCs identified from the confirmation 
data DL screening that could potentially impact ground water are Cs-137, C-14, Cr-VI, Hg, and 
nitrate.  Additional COCs identified through a second round of DL screening that considered all data 
that represent remaining (i.e., not excavated) material are Am-241, Ra-226, Th-228, cadmium and 
zinc.  Vadose zone modeling (Section 4.3) was used to back-calculate soil concentrations for these 
constituents that could result in a peak ground water concentration at two goals: MCLs and 
background (Table 6-7).  In addition, the modeling provided a time estimate to reach these peak 
ground water concentrations.  These soil concentrations were then compared to the actual Ra/Sr 
Treatment Systems area soil concentrations to evaluate the likelihood of adverse ground water 
impact.  The results of the initial DL analysis are discussed in detail in the Final Radium/Strontium 
Treatment Systems Area Removal Action Confirmation Report (WA, 2001c) and results of both the 
initial and follow-up DL analyses are summarized below. 

In addition, actual ground water data collected since 1995 from the two nearest downgradient 
wells UCD1-005 and UCD1-21 (Figure 2-3) were compared to background, as defined by data from 
upgradient well UCD1-18 (Section 4.3).  Unfortunately, UCD1-005 is usually dry and has not been 
sampled over the last six years; therefore, only data from well UCD1-21 were used to assess ground 
water impact downgradient of the Ra/Sr Treatment Systems.  The results of this analysis for each of 
the DL COCs identified for the Ra/Sr Treatment Systems area is summarized below. 

Based on the vadose zone modeling results, it is very unlikely that the low activities of Cs-
137, Am-241, and Th-228 detected in Ra/Sr Treatment Systems soil samples would impact ground 
water above background or the MCL (Table 6-7).  These modeling results are corroborated by 
ground water data for Cs-137 and Am-241 which show similar low or non-detectable levels in 
downgradient well UCD1-21 and background well UCD1-18.  No Th-228 ground water data are 
available for these wells. 

Modeling results indicate that C-14 remaining in the Ra/Sr Treatment Systems area soil could 
potentially impact ground water above background and the MCL but any impact would be highly 
localized.  C-14 activity in ground water from downgradient well UCD1-21 has ranged from 105 ±63 
to 177 ±69 picoCuries per liter (pCi/l), above the ground water background value of 3.5 pCi/l but 
well below the MCL of 2,000 pCi/l.  The modeling results suggest that the above-background C-14 
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in well UCD1-21 may be the result of C-14 in Ra/Sr Treatment Systems area soils.  However, the 
above-background C-14 detected in the Ra/Sr Treatment Systems area soil was highly localized at 
the southern end of the SLT at depths between five and 15 ft bgs.  The quantity represented by this 
above-background C-14 is roughly approximated at only 35 mCi.  This small quantity and the 
distance to UCD-21 (approximately 300 ft) suggest there may be other sources of the above-
background C-14 in well UCD1-21. 

Modeling results indicate that Ra-226 remaining in the Ra-226 seepage trench/dry well area 
could potentially impact local ground water above background but below the MCL.  Ground water 
results for the nearest downgradient well (UCD1-21) indicate Ra-226 activities similar to those in 
background well UCD1-18. 

Modeling results indicate that Hg, cadmium, and zinc remaining in Ra/Sr Treatment Systems 
area soil could potentially impact ground water above background, and locally above MCLs.  
However, the estimated travel time for these peak ground water concentrations is over 5,000 years.  
In addition, these metals are either not detected or are detected at levels below background in ground 
water from downgradient well UCD1-21. 

As shown on Table 6-7, the maximum Cr-VI concentration detected in the confirmation 
samples exceeded the soil model result for ground water impact at the 39 micrograms per liter (µg/l) 
background level, but was below the soil model result for impact at the 50 µg/l total chromium MCL.  
However, the confirmation sample reasonable maximum exposure (RME) concentration and all DL 
soil boring sample results were below both the background and MCL soil model results.  Therefore, 
these confirmation and DL sample results indicate that any above-background impact to ground 
water from Cr-VI remaining in the Ra/Sr Treatment Systems area would be highly localized and 
would be below the total chromium MCL.  In addition, the estimated time to peak Cr-VI 
concentration is 500 years.  Although Cr-VI is detected at levels slightly above background (36 to 66 
µg/l) in downgradient well UCD1-21, the modeling results and well location suggest that the Ra/Sr 
Treatment Systems are not the only source for these slightly elevated concentrations.  Well UCD-21 
is approximately 150 ft and not always directly downgradient from the area of above-background 
Cr-VI in Ra/Sr Treatment Systems soil, so other regional or Site Cr-VI sources may impact ground 
water at this location. 

Modeling results indicate that nitrate remaining in the Ra/Sr Treatment Systems area soil 
could impact ground water above the 25.1 mg/l background and the 10 mg/l MCL.  Nitrate 
concentrations as high as 64 mg/l have been detected recently in downgradient well UCD1-21.  The 
modeling results suggest that the above-background and above-MCL nitrate in well UCD1-21 may 
be in part due to the nitrate in Ra/Sr Treatment Systems area soils.  

Based on the DL evaluation and the ground water concentrations in downgradient well 
UCD1-21, Cr-VI Ra-226 remaining in soil in the Ra/Sr Treatment Systems area may impact local 
ground water above background but below the MCL, and remaining C-14 and nitrate may impact 
local ground water above background and the MCL.  No other COCs remaining in Ra/Sr Treatment 
Systems area soil should have significant impact on ground water within the next several thousand 
years. 
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6.3 Domestic Septic Systems 

6.3.1 Description and Operations 

Seven known DSSs were located throughout the Site (Figure 1-2).  Beginning in 1958, the 
DSSs served LEHR offices and laboratories.  A typical DSS consists of a DST, leach field, and 
interconnecting piping.  Liquid wastes and sewage were discharged to six of the seven DSTs (DSTs 1 
through 6) prior to the Site’s connection to the UC Davis Wastewater Treatment Plant in 1971.  
DSTs 1 through 6 were reportedly backfilled with sand and the influent/effluent lines for each tank 
were reportedly cut and capped in 1971 (IT Corp., 1996).  No formal closure reports for these DSTs 
are known to exist (D&M, 1994).  DST 7 was installed adjacent to the Co-60 Field to receive wastes 
from the irradiator building.  This tank was reportedly never used.  

Domestic septic system investigations are summarized in Table 6-8.  Data were collected 
from the DSS areas during the LFI, Data Gaps Investigation, Ra/Sr Treatment Systems Area I RA, 
and the 2001 Domestic Septic System Investigation (DSSI).  Details of the 2001 DSSI are presented 
in Appendix B of this RI.  Although the Ra/Sr Treatment Systems were operating prior to DSS 
installation and therefore should have received all radionuclide waste, a wide variety of radionuclide 
and the chemical wastes may have been improperly disposed into the DSSs.  Therefore, a broad suite 
of chemicals/radionuclides was analyzed for during the DSSI. 

6.3.2 Domestic Septic Tank 1 

6.3.2.1 Contaminant Distribution 

Five soil samples (including one field duplicate) and one concrete sample were collected 
from the DST 1 area and analyzed for a full suite of constituents.  The leach field for DSS 1 is 
discussed in Section 6.3.9.  All of the chemical and radionuclide concentrations above their 
respective backgrounds and/or lowest RBASs at DST 1 are shown on Figure 6-7.  All of the 
constituents with concentrations above their respective PRG are listed on Table 6-9.  Of the 173 
analytes, 10 were reported at concentrations above their respective background, two were detected at 
concentrations that exceed background and their lowest RBAS, four were reported at concentrations 
above background and the residential PRGs, and one was above background and the industrial PRGs.  
The concrete sample collected from the DST 1 interior tank floor had no constituents above their 
specific background and lowest RBAS values. 

Ra-226 was detected slightly above its background and lowest RBAS at 0.78 pCi/g in soil 
sample LEHR-S-434, collected on the inlet side of DST 1 at 13 ft bgs.  This sample activity is only 
0.03 pCi/g above background.  Manganese was detected in sample SSD1C001 at 890 mg/kg, above 
both the background and the lowest RBAS concentrations.  However, this concentration is less than 
half the 1,800 mg/kg PRG for residential soil.  Comparison of DST 1 area data to the lowest RBASs 
and PRG values indicates that COCs are not present at levels that pose a threat to human health.  
Therefore, no RA is planned at DST 1. 



DOE Areas Remedial Investigation Report Section 6 
LEHR Environmental Restoration / Waste Management  Rev. 0  9/18/03 
DOE Contract No. DE-AC03-96SF20686 Page 6-11 of 6-52 
 

J:\DOE\4007\110\RI_PLAN\0918_REV0\0918RIR.DOC WEISS ASSOCIATES Project Number:  128-4107 

Preliminary DL analysis was conducted to identify COCs DST 1 that could potentially 
impact ground water (Appendix C).  Based on this analysis, only Cr-VI is of potential concern.  In 
October 2002, one DL boring was drilled at sample location SSD1C001 (Figure 6-7) where the 
maximum Cr-VI concentration was reported in the soil surrounding DST 1.  Sample SSD1C001 was 
collected 8.7 ft bgs and DL samples were collected for Cr-VI analysis at five-foot intervals starting at 
13.7 ft and terminating at 38.7 ft bgs.   

The DST 1 DL sampling analytical results are presented in Table 6-10.  Cr-VI concentrations 
were detected above the 0.054 mg/kg background concentration in all but one (SSDIDL06) of the 
samples from all of the borings, with no obvious concentration trend with depth. 

6.3.2.2 Ground Water Impact Evaluation 

To assess whether residual COC concentrations at DST 1 could potentially impact ground 
water, DL soil samples were collected at 8.7 and 13.7 ft bgs and analyzed using DI WET procedures 
for metals, SVOCs and nitrate.  The goal in calculating DLs for solid waste is to determine 
concentrations of soluble constituents in the waste above which leachate would be able to carry them 
to ground or surface waters in amounts that would cause water quality goals to be exceeded in those 
waters (CRWQCB, 1989).  DST 1 DI WET results are shown in Table J-1 of Appendix J.  The DI 
WET results were directly compared to three water quality goals (background, MCLs, and tap water 
PRGs) to determine the soil’s potential to degrade water quality.  Direct comparison between the DI 
WET results and the water quality goals assumes an environmental attenuation factor of ten because 
the WET procedure requires the use of ten parts of water per every part of waste (e.g., soil).  

The DST 1 DI WET results were first compared to background.  The maximum detected 
concentration of each constituent detected in HSU 1 ground water well UCD1-18, located upgradient 
of the LEHR site, was used as the background concentration.  If the DI WET results exceeded 
background, they were compared to the MCLs.  Only chromium was detected above its background 
and MCL.  Only iron was detected above background and its PRG.  Assuming a 100-fold attenuation 
factor, all constituents were below their respective MCLs and/or PRGs, and only three constituents 
(copper, iron, and manganese) were above their respective background concentrations.  Use of a 
“generic” 100-fold environmental attenuation factor provides an “average” degree of natural 
protection for water quality from the discharge of waste under reasonable worst-case conditions 
(CRWQCB, 1989). 

A ground water sample was collected from the DL boring at sample location SSDIC001 
(Figure 6-7).  Table J-2 of Appendix J presents the analytical results for this sample that were above 
detection limits.  The ground water samples were compared to background, MCLs and PRGs.  Eight 
of the 21 COCs were detected above background.  None of these COC concentrations was above its 
respective MCL.  Three COCs, Pb, potassium-40 (K-40), and uranium-238 (U-238), were detected 
above their respective background concentrations and tap water PRGs.  Uranium-233/234 (U-
233/234), which does not have an established background concentration, was also detected above its 
PRG.  The ground water sample at DSS 1 was collected from a borehole, not from a properly 
completed ground water well.  The sample contained sediment soil particles and was not filtered in 
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the field or in the laboratory.  Therefore, these ground water results represent overestimates of the  
actual ground water concentrations in this area. 

The DSS 1 confirmation data indicated that only Cr-VI was present above background in 
soil, and therefore required modeling to assess potential ground water impact.  Based on the 
modeling results (Table 6-11), the Cr-VI remaining in the DSS 1 area will not impact ground water 
above background or the MCL.In summary, DST 1 soil results, DL modeling, and DI WET analyses 
suggest that only copper, iron, and manganese may impact local ground water above background, 
and that any impact from COCs in the area would be below MCLs. 

6.3.3 Domestic Septic System 2 

6.3.3.1 Removal Action Summary and Contaminant Distribution 

As discussed in Section 6.2.3.1, DST 2 was removed during the Ra/Sr Treatment Systems 
Area I RA. DST 2 was demolished using a hydraulic breaker attachment to the excavator.  The tank 
was constructed of reinforced concrete, and was approximately eight ft wide by 16 ft long by 10 ft 
deep.  The excavation in this area reached an approximate depth of 12 ft bgs.  The top two to four ft 
of soil were classified as overburden to minimize the amount of low-level radioactive waste 
generated.  The concrete, rebar, tank sediments and surrounding soil were packaged in B-25 boxes 
and disposed as LLW.  Three confirmation samples were collected from the DST 2 excavation.  
These samples were included in the Ra/Sr Treatment Systems human health risk and DL analyses 
that are discussed in greater detail in Section 6.2.4.  The DST 2 area was backfilled along the Ra/Sr 
Treatment Systems Area I excavation in 1999. 

6.3.3.2 Ground Water Impact Evaluation 

Potential impact to ground water from COCs originating from DSS 2 was evaluated as part of 
the Ra/Sr Treatment Systems DL analysis (Section 6.2.5).  Based on the confirmation sampling 
results in the DSS area, no DL borings were located in this vicinity. 

6.3.4 Domestic Septic System 3  

6.3.4.1 Pre-Removal Action Contaminant Distribution 

Table 6-12 summarizes all constituents detected in DSS 3 pre-RA soil samples at 
concentrations that exceed the lowest RBAS, background and/or the PRGs for residential soil.  
Cadmium, copper, Pb, manganese, Hg, silver and Ra-226 were detected above their respective soil 
backgrounds at depths greater than four ft bgs (>4 ft bgs) and lowest RBAS values.  Seventeen 
constituents were detected above their respective PRGs for residential soil.  The DSS 3 pre-RA 
sample locations where Hg and Ra-226 were detected are shown on Figure 6-8. 
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The DB sediment sample, SSD3C018, and the soil sample collected beneath the first point of 
perforation on the leach line, SSD3C020, had the maximum reported concentrations for the majority 
of the detected constituents (Figure 6-8).  The maximum reported pre-RA Hg concentration, 751 
mg/kg, was detected in the DB sediment sample (SSD3C018).  Hg concentrations in soil ranged from 
0.35 mg/kg to 498 mg/kg.  Since only five soil samples were collected from the DSS 3 area, the 
extent of Hg contamination could not be determined. 

Ra-226 was detected above the 0.75 pCi/g soil background in two of the DSS 3 investigation 
samples.  The maximum reported pre-RA concentration of Ra-226, 2.44 pCi/g, was detected in soil 
sample SSD3C020, collected beneath the first point of perforation on the eastern leach line.  The pre-
RA data suggested that the Ra-226 contamination was limited to the DB sediment and immediately 
below the first point of perforation.  Four SVOCs were reported in sample SSD3C022 at 
concentrations that exceeded their respective lowest RBAS values and PRGs for residential soil 
(Table 6-12).  Sample SSD3C022 was collected 4.5 ft beneath the leach line midpoint.  

6.3.4.2 Removal Action Summary 

The DSS 3 RA was conducted between April and July 2002.  The DSS 3 RA began with 
demolition and removal of the DB. All of the DB effluent lines were removed along with concrete, 
perforated Orangeburg pipe and leach trench gravel.  Approximately one foot of additional soil from 
the trench floor and sidewalls was also removed.  The DSS 3 leach trench excavation depth ranged 
from 11 to 12.5 ft bgs, and was up to eight ft wide and 50 ft long.  Approximately 170 cu yd of 
removed piping, concrete, gravel and underlying soil are being managed as potentially mixed waste.  
Following waste removal, confirmation samples were collected and the area was backfilled and 
compacted to grade with clean fill.  

6.3.4.3 Air Monitoring 

Air sampling was conducted once during the DSS 3 and 6 RAs. Since there was only one 
sampling event, there were not adequate data to perform statistical tests.  All of the maximum 
detected air concentrations were below the appropriate regulatory limits.  The sampling and 
analytical results are described in Appendix D.  

6.3.4.4 Post-Removal Action Contaminant Distribution 

Following the DSS 3 RA, confirmation samples were collected from the excavation floor and 
sidewalls.  At DSS 3, a total of 36 confirmation samples and 4 field duplicates were collected 
between 3.6 and 12.5 ft bgs (Figure 6-9).  Three tank contents samples (including one field duplicate) 
and one concrete sample were also collected from the bottom of DST 3.   

6.3.4.4.1 Soil 

Of the 190 analytes, eight were detected above their respective background values (for 
greater than four ft bgs).  Of those analytes that were above background, only Hg and formaldehyde 
were above their respective lowest RBAS concentrations.  Confirmation sample analytical results for 
samples with concentrations above background, PRGs and/or lowest RBAS values are summarized 
in Table 6-13.  All of the SVOC and VOC soil sample results were below the detection limits.   
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The maximum reported nitrate concentration, 106 mg/kg, was detected in sample SSD3C049, 
which was collected 12.5 ft bgs beneath the first points of perforation on the DSS 3 leach line 
(Figure 6-9).  The six samples with the highest nitrate concentrations (45.2 to 106 mg/kg) were 
collected from the trench floor beneath the former location of the leach line at depths ranging from 
11 to 13 ft bgs.  The maximum reported Cr-VI concentration, 0.384 mg/kg, was detected in sample 
SSD3C046, collected 5.9 ft bgs from the leach trench’s northern sidewall.  Three of the four highest 
concentrations were detected in soil samples collected from the leach trench’s northern sidewall.  The 
maximum reported formaldehyde concentration, 2.2 mg/kg, was detected in sample SSD3C055, 
which was collected 12 ft bgs on the leach trench floor.  Six of the seven maximum reported 
formaldehyde concentrations (1.1 to 2.2 mg/kg) were detected in soil samples collected 10 to 13 ft 
bgs. 

The maximum detected total chromium concentration, 174 mg/kg, was detected in sample 
SSD3C047.  Sample SSD3C047 was collected 5.9 ft bgs, from the northern sidewall of the leach 
trench.  The ten highest chromium concentrations (131 to 174 mg/kg) were detected in soil samples 
collected from the excavation sidewalls at depths ranging from five to six ft bgs.  

The maximum reported Hg concentration, 4.4 mg/kg, was detected in sample SSD3C066, 
collected 5.2 ft bgs on the leach trench’s south sidewall (Figure 6-9).  The seven highest Hg 
concentrations (2.4 to 4.4 mg/kg) were detected in soil samples collected five to six ft bgs.  All of the 
Hg WET and TCLP results were well below the hazardous waste limit of 0.2 milligrams per liter 
(mg/l).  Silver was reported above the detection limit in only 5 of 27 samples.  The maximum 
reported silver concentration, 2.4 mg/kg, was detected in sample SSD3C053, collected 10.5 ft bgs 
from the leach trench floor. 

The maximum reported alpha- and gamma-chlordane concentrations, 161 and 
294 micrograms per kilogram (µg/kg), respectively, were detected in sample SSD3C047DL.  This 
sample was collected 5.9 ft bgs from the leach trench’s northern sidewall.  The nine highest alpha 
and gamma chlordane concentrations were detected in samples collected between five and six ft bgs.  
Heptachlor epoxide was detected in only 1 of 27 soil samples.  The maximum reported heptachlor 
epoxide concentration, 4 µg/kg, was detected in sample SSD3C061, collected 5.2 ft bgs from the 
leach trench’s southern sidewall. 

Cs-137 was measured above the detection limit in only 2 of 27 samples.  The maximum 
reported Cs-137 concentration, 0.0139 pCi/g, was detected in sample SSD3C036.  This sample was a 
discretionary sample collected 5.5 ft bgs, beneath the effluent line between DST 3 and the DSS 3 
DB.  Sample SSD3C036 was collected under the first pipe joint north of the DB.  Pb-210 was 
detected in only 5 of 27 soil samples.  The maximum reported Sr-90 concentration, 1.6 pCi/g, was 
detected in sample SSD3C056, collected 13 ft bgs from the leach trench floor.  The five highest 
Sr-90 concentrations (0.597 to 1.6 pCi/g) were detected in samples collected between 10 and 
13 ft bgs. 

A detailed confirmation sample data evaluation is presented in the Domestic Septic Systems 3 
and 6 Removal Actions Confirmation Report (WA, 2002a).  This evaluation included a human health 
risk analysis based on the site-specific lowest RBASs, and a DL analysis.  Background comparisons 
(WRS and Quantile Tests) were conducted on the cadmium, copper, Pb, Hg and Ra-226 confirmation 
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data sets.  All of the constituents with the exception of Hg passed the background comparisons and 
were therefore eliminated from the human health risk screening.  The human health risk analysis 
indicated that the RA activities reduced the cumulative cancer risk below 10-6.  The risk analysis also 
determined that the cumulative non-cancer RBAS HQ was 3.22 for the DSS 3 area.  Hg was the most 
significant contributor to the cumulative HQ.  A Hot Measurement Analysis was also conducted on 
the confirmation data. Hg and formaldehyde were the only COCs that failed the hot measurement 
analysis. 

The DSS 3 preliminary DL analysis (WA, 2002b) identified 13 COCs that require additional 
evaluation: formaldehyde, Cr-VI, carbazole, arsenic, cadmium, chromium, Pb, Hg, molybdenum, 
nitrate, selenium, silver and Ra-226.  The post-RA confirmation sampling and DL sampling data 
indicated that seven of the 13 DSS 3 DL COCs did not require further analysis by modeling.  
Arsenic, cadmium, Ra-226, selenium and Pb were not detected above background in any sample, and 
carbazole was not measured above the detection limit in any sample.  Chromium was not detected 
above 197 mg/kg (background for 3.5 to 13 ft bgs) in any DSS 3 confirmation or DL sample.  
Therefore, modeling was not warranted for these constituents. 

One DL boring was drilled at the first point of perforation on the eastern DSS 3 leach line at 
sample location SSD3C020 (Figure 6-8).  DL samples were collected at one-ft vertical intervals 
between 13 and 17 ft bgs and analyzed for Hg.  DL samples were collected at five-ft vertical intervals 
between 15 and 40 ft bgs and analyzed for Ra-226, formaldehyde, CR-VI, nitrate, SVOCs and 
metals.  The DSS 3 DL analytical results are shown in Table 6-14.  Formaldehyde concentrations 
ranged from 0.19 mg/kg to 0.92 mg/kg, below the lowest RBAS of 1.7 mg/kg.  Cr-VI concentrations 
were detected above background (0.054 mg/kg) in five of the six samples, but below the lowest 
RBAS, 3.8 mg/kg.  The three maximum detected Cr-VI concentrations (0.322 to 0.387 mg/kg) were 
collected between 15 and 25 ft bgs.  Hg was detected above the 0.248 mg/kg background 
concentration (for greater than 4 ft bgs) in one of 10 samples.  The highest Hg concentration, 
0.28 mg/kg, was collected at 14 ft bgs.  Molybdenum concentrations ranged from non-detectable to 
0.66 mg/kg.  Four of six molybdenum samples are above the 0.26 mg/kg background concentrations, 
but below the PRG.  All of the nitrate DL results are below the 36 mg/kg site background, with no 
obvious concentration trend with depth.  Selenium was detected in only one of six samples at 0.86 
mg/kg, which is below the 1.2 mg/kg site background concentration.  All of the silver DL results are 
below the 0.56 mg/kg site background, with no obvious concentration trend with depth.  As 
described in Section 6.3.4.5, the data collected during the DL and confirmation sampling were used 
in vadose zone modeling to evaluate potential adverse impacts to ground water.  

6.3.4.4.2 Domestic Septic Tank 3 

As discussed in Section 6.3.4.4, two tank contents samples were collected from the bottom of 
DST 3.  Notable results of the analyses of these samples include: 

• All of the SVOC and VOC results were below their respective detection limits. 

• Hg, molybdenum, Cr-VI, silver and Cs-137 were the only analytes detected 
above the lowest site soil background values. 
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• The 3.2 and 1.1 mg/kg Hg concentrations reported in the tank contents exceeded 
the lowest site soil background value of 0.248 mg/kg and the DSS 3 
area-specific Hg RBAS of 1.13 mg/kg. 

• Cs-137 sediment concentrations of 0.0195 and 0.0108 pCi/g, were above the 
lowest site soil background value of 0.00695 pCi/g, but below the lowest RBAS 
of 0.1 pCi/g. 

• Silver was detected above the site soil background of 0.55 mg/kg in one 
sediment sample at a concentration of 1.9 mg/kg. 

• Molybdenum tank contents concentrations, 0.74 and 0.63 mg/kg, exceeded the 
site soil background concentration of 0.26 mg/kg. 

• Cr-VI was detected at 0.124 mg/kg, above the site’s soil background of 0.054 
mg/kg, but below the lowest RBAS of 3.8 mg/kg. 

• Gamma-chlordane was detected above the detection limit, but below the lowest 
RBAS, in one sediment sample at 47.8 µg/kg. 

• Arochlor-1254, at 225 µg/kg, was the only PCB detected. 

A concrete sample was collected from the bottom of DST 3.  Notable results from this 
sample include: 

• All SVOCs and pesticides results were below their respective detection limits. 

• Molybdenum and thallium were the only analytes detected above the lowest site 
soil background values. 

• Molybdenum was detected at 0.52 mg/kg above the soil background of 
0.26 mg/kg.   

• Thallium was detected at 2.8 mg/kg above the soil background of 1.6 mg/kg. 

• Acetone at 30.9 µg/kg was the only VOC detected in DST 3 concrete.  The 
acetone concentration detected in the concrete was well below the lowest RBAS 
value of 1,700 µg/kg. 

 

6.3.4.5 Ground Water Impact Evaluation 

To assess whether residual COC concentrations at DSS 3 could potentially impact ground 
water, DL soil samples were collected 13 and 17 ft bgs from the DL boring (Figure 6-8) and analyzed 
using DI WET procedures for metals, SVOCs and nitrate.  DSS 3 DI WET results are shown in Table 
J-3 of Appendix J.  The DI WET results were directly compared to three water quality goals 
(background, MCLs, and tap water PRGs) to determine the soil’s potential to degrade water quality.  
As described in Section 6.3.2.2, this analysis assumes an attenuation factor of 10. 
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Only two DI WET constituents, arsenic and chromium, were detected above their respective 
backgrounds and MCLs.  Iron was detected above background and its PRG.  Several constituents did 
not have background and/or MCL values.  Therefore, the DI WET results were also compared to 
their respective US EPA PRG for tap water. Pb, manganese and vanadium were detected above their 
MCL or PRG.  Assuming a 100-fold attenuation factor (see Section 6.3.2.2), all constituents, with the 
exception of one iron sample, were below their respective backgrounds MCL, or PRG values.  A 
ground water sample was collected from DL boring D3-DL1 collected at sample location SSD3C020 
(Figure 6-8).  Table J-3 of Appendix J presents the analytical results for this sample that were above 
detection limits.  The ground water samples were compared to background, MCLs and PRGs.  Three 
of 13 DL COCs, Cr-VI, carbazole and cadmium, were not measured above the detection limit.  
Arsenic and chromium were detected above their respective background values and MCLs, but 
below PRGs.  Total Hg was detected above its MCL, but below the PRG.  Iron, Pb, nickel and K-40 
were detected above their respective PRG or MCL. 

The ground water sample at DSS 3 was collected from a borehole, not from a properly 
completed ground water well.  This sample contained sediment soil particles and was not filtered in 
the field or in the laboratory.  Therefore, these ground water results represent overestimates of the 
actual ground water concentrations in this area. 

As described in Section 6.3.4.4.1, DSS 3 confirmation data indicated that Hg, formaldehyde, 
Cr-VI, molybdenum, nitrate and silver were present above background and therefore required 
modeling.  One DL boring was drilled at the first point of perforation on the eastern DSS 3 leach line 
at sample location SSD3C020 (Figure 6-8).  DL samples were collected at one-ft vertical intervals 
between 13 and 17 ft bgs and analyzed for Hg.  DL samples were collected at five-ft vertical intervals 
between 15 and 40 ft bgs and analyzed for Ra-226, formaldehyde, Cr-VI, nitrate, SVOCs and metals. 

DL modeling results (Table 6-15) indicate that the residual Hg concentration in soil at DSS 3 
might result in some measurable impact to ground water above the MCL and current background in 
more than 3,300 years.  Hg has not been detected in downgradient wells UCD1-13 and UCD1-21 in 
the past six years.  

Based on the DL modeling, localized impact on ground water may exceed the MCL and 
background for formaldehyde in DSS 3 soil.  The peak impact is predicted to occur in approximately 
10 years.  However, formaldehyde has not been measured above the detection limit in downgradient 
wells UCD1-13 and UCD1-21.  

All of the Cr-VI results from the confirmation and DL sampling are below the DL model 
results for ground water impact at background and MCL levels.  Therefore, any impact on ground 
water from these Cr-VI concentrations in DSS 3 soil would be below the MCL and background.  
Although Cr-VI has been detected at levels slightly above background (36 to 94 µg/l) in 
downgradient wells UCD1-13 and UCD1-21, the modeling results and well locations suggest that 
DSS 3 area is not the only source for these slightly elevated concentrations.  Wells UCD1-13 and 
UCD1-21 are approximately 300 ft from DSS 3.  Since the ground water flow direction varies 
seasonally, these wells are not always directly downgradient from the DSS 3 area, and other regional 
or Site Cr-VI sources may impact ground water at this location. 
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The maximum molybdenum concentration detected in DSS 3 Area DL samples was 
2.5 mg/kg.  Based on the DL modeling, any impact on ground water from molybdenum in DSS 3 soil 
will be below the tap water PRG.  The DL modeling indicated that localized impact on ground water 
may exceed current ground water background and that the peak concentration in ground water is 
occurring or has already passed.  However, the concentration of molybdenum in the DL borehole 
ground water sample (16.7 µg/l) was within the range of background concentrations detected in 
upgradient well UCD1-18 (1.2 µg/l to 90 µg/l).  Molybdenum has not been detected in downgradient 
wells UCD1-13 and UCD1-21 in the past six years. 

The DL results indicate that 2.6 mg/kg nitrate in DSS 3 area soil may result in ground water 
impact equal to the 10 mg/l nitrate (as nitrogen) MCL (Table 6-15). 

There are known regional nitrate impacts to ground water in the LEHR area from agricultural 
activities.  For example, ground water from well UCD1-18, located approximately 500 ft upgradient 
of the LEHR site, has a nitrate concentration of 25 mg/l (80% LCL on 95th quantile of available 
data).  Using this concentration as a ground water goal for the DL modeling results in an allowable 
soil concentration of 6.22 mg/kg.  The nitrate background concentration for soil (36 mg/kg) is more 
than five times greater than the modeled DL concentrations. 

The maximum nitrate concentration detected in DSS 3 confirmation soil samples was 106 
mg/kg, and the RME concentration is 33.5 mg/kg.  The DL sampling maximum result was 33.2 
mg/kg, indicating that the soil column is not currently contaminated above soil background.  Based 
on the DL modeling, localized impact on ground water may exceed the MCL and background from 
these concentrations of nitrate in DSS 3 soil.  The peak impact is predicted to occur in approximately 
13 years.  The maximum detected nitrate concentrations from downgradient wells UCD1-13 and 
UCD1-21 are 19 and 64 mg/l, respectively, compared to the 25 mg/l background concentration.  
Other site and/or regional sources are likely the cause of the above-background concentrations in 
well UCD1-21. 

Using the 100 µg/l MCL as the ground water goal, the DL modeling result for silver is 0.268 
mg/kg in soil, with a peak ground water concentration equivalent to the MCL in 500 years.  Using 
the 5 µg/l estimated background ground water concentration as a goal, the resulting DL soil limit is 
0.143 mg/kg.  The LEHR background soil concentration for silver is 0.55 mg/kg.  The maximum 
silver concentrations detected in confirmation and DL samples were 2.4 mg/kg, and 0.37 mg/kg, 
respectively.  Based on the DL modeling, silver in DSS 3 soil may locally impact ground water, but 
the impact would be expected to be below the MCL.  Silver has not been detected in downgradient 
wells UCD1-13 and UCD1-21 in the past six years. 

In summary, DSS 3 soil results, DL modeling, and DI WET analyses suggest that 
formaldehyde, molybdenum, nitrate, and silver may impact local ground water above background, 
and the impact from formaldehyde and nitrate may also be above MCLs.  However, formaldehyde 
has not been detected in the nearest downgradient wells, and at least some of the nitrate detected in 
these wells originates from other known sources.  
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6.3.5 Domestic Septic System 4 

6.3.5.1 Investigation Summary and Contaminant Distribution 

A total of nine soil samples (including one field duplicate) were collected from the DSS 4 
area.  All of the chemical and radionuclide concentrations above their respective backgrounds and 
lowest RBASs at DSS 4 are shown on Figure 6-10.  All of the constituents with concentrations above 
their respective PRG are listed on Table 6-9.  Of the 173 analytes, 24 were detected above their 
respective background levels, 8 were detected at concentrations above background and residential 
PRGs, and four were detected in concentrations greater than background and the industrial PRGs.  

Eight soil samples were analyzed for Hg.  Six of these contained Hg in concentrations greater 
than both the background and the lowest RBAS concentrations.  Pb was detected above the lowest 
RBAS and background in three of eight samples.  The maximum reported Hg and Pb concentrations 
were detected in composite sample SSD4C002A/B at 3.5 mg/kg and 20.1 mg/kg, respectively.  
Sample SSD4C002A/B was collected from beneath the first points of perforation on the two DSS 4 
leach lines (Figure 6-10).  The second highest Hg and Pb concentrations were detected in Phase II 
sample, SSD4C005, collected directly beneath the leach line at the approximate midpoint of the 
southern leach line.  The highest Hg and Pb concentrations were detected in the soil that was 
intermixed with the leach field gravel.  The remaining samples show a trend of decreasing 
concentration with depth.  All of the Hg and Pb concentrations were well below their residential 
PRGs of 23 mg/kg and 150 mg/kg, respectively.  

Copper was detected above the lowest RBAS and background in sample SSD4C002A/B at 
64.6 mg/kg, well below the 2,900 mg/kg PRG for residential soil.  Th-234 was detected above the 
lowest RBAS and background in sample LEHR-S-401 at 4.15 pCi/g. U-235 was detected above the 
lowest RBAS and background in sample LEHR-S-T401 at 0.16 pCi/g as shown in Figure 6-10.  The 
Th-234 and U-235 concentrations were below their PRGs of 1,330 and 0.195 pCi/g, respectively. 

Comparison of DSS 4 area data to the lowest RBAS and PRG values indicates that COCs are 
not present at levels that pose a threat to human health.  Therefore, no RA is planned at DSS 4.  

Preliminary DL analysis was conducted to identify DSS 4 COCs that could potentially 
impact ground water (Appendix C).  Based on this analysis, Cr-VI, chromium, Pb, Hg, and selenium 
are of potential concern.  One DSS 4 DL boring was drilled at the first point of perforation on the 
western leach line at sample location SSD4C004 (Figure 6-10).  A discrete sample from this location 
contained the maximum detected Cr-VI concentration at DSS 4, 0.925 mg/kg.  A sample composited 
from this location and beneath the first point of perforation on the southern leach line contained the 
maximum Hg, Pb and selenium concentrations.  Sample SSD4C004 was collected 7.8 ft bgs; 
therefore, DL samples were collected for Cr-VI, total chromium, Pb, Hg, and selenium analyses at 
five foot intervals starting 12.8 ft bgs and terminating 37.7 ft bgs. 

The DSS 4 DL analytical results are presented in Table 6-10.  Cr-VI was detected above the 
background concentration of 0.054 mg/kg in all except one of the samples from all of the borings, 
with no obvious concentration trend with depth.  All of DSS 4 DL sampling Hg results were below 
the 0.248 mg/kg site background.  Chromium was detected above the site background for greater 
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than four ft bgs, 125 mg/kg, in one sample.  Sample SSD4DL02, collected 12.8 ft bgs, had a 
chromium concentration of 153 mg/kg.  Pb and selenium were detected at concentrations that were 
slightly above their respective backgrounds, 9.5 and 1.2 mg/kg, respectively.  Sample SSD4DL07, 
collected at 37.8 ft bgs, had a Pb concentration of 9.6 mg/kg.  Sample SSD4DL03, collected 17.8 ft 
bgs, contained selenium at 1.3 mg/kg.  None of the DL COCs showed a concentration distribution 
trend with depth. 

6.3.5.2 Ground Water Impact Evaluation    

To assess whether residual COC concentrations at DSS 4 could potentially impact ground 
water, DL soil samples were collected 7.8 and 12.8 ft bgs and analyzed using DI WET procedures for 
metals, SVOCs and nitrate.  DSS 4 DI WET results are shown in Table J-5 of Appendix J.  The DI 
WET results were directly compared to three water quality goals (background, MCLs, and tap water 
PRGs) to determine the soil’s potential to degrade water quality.  As described in Section 6.3.2.2, this 
assumes an attenuation factor of ten. 

No DI WET constituent was detected above background and MCLs.  Only iron was detected 
above background and its PRG.  Assuming a 100-fold attenuation factor (see Section 6.3.2.2), all 
constituents were below their respective backgrounds, MCLs, and/or PRGs. 

A ground water sample was collected from the DL boring at sample location SSD4C004 in 
the DSS 4 area (Figure 6-10).  Table J-6 of Appendix J presents the analytical results for this sample 
that were above detection limits. The ground water samples were compared to background, MCLs 
and PRGs.  Six of the 22 COCs were detected above background.  None of these six COCs was 
detected above its respective MCL or PRG.  Two COCs without established background values, U-
233/234 and U-238, were detected above their PRGs.  The ground water sample at DSS 4 was 
collected from a borehole, not from a properly completed ground water well.  The sample contained 
sediment soil particles and was not filtered in the field or in the laboratory.  Therefore, these ground 
water results represent overestimates of the actual ground water concentrations in this area. 

DSS 4 soil sampling data indicated that Cr-VI, chromium, Pb, Hg, and selenium were present 
above background and therefore required modeling to evaluate potential impact to ground water.  DL 
modeling results (Table 6-11) indicate that the residual Cr-VI in soil at DSS 4 might result in local 
impact to ground water above the background level and MCL.  However, the nearest downgradient 
wells (UCD1-20 and UCD1-24) contain Cr-VI concentrations that are similar to those in background 
well UCD1-18 (Table 6-11). 

The modeling results indicate that chromium, Pb, and Hg in DSS 4 area soil might impact 
local ground water above background, and that impact from chromium and Hg might be above 
MCLs.  However, the time to peak impact from these COCs ranges from nearly 1,400 to 83,000 
years, and there is no evidence of above-background impact to ground water in the nearest 
downgradient wells. 

The modeling results also indicate that selenium in DSS 4 area soil will not impact ground 
water above background or the MCL.  This is corroborated by ground water data from nearby 
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downgradient wells, which contains selenium concentrations similar to those in background well 
UCD1-18 (Table 6-11). 

In summary, DSS 4 soil results, DL modeling, and DI WET analyses suggest that only Cr-VI 
may have local ground water impact above background within the next thousand years. Cr-VI may 
also have local impact above its MCL.  However, Cr-VI concentrations in the nearest downgradient 
wells are at background levels.  

6.3.6 Domestic Septic Tank 5 

6.3.6.1 Investigation Summary and Contaminant Distribution 

All of the DST 5 area chemical and radionuclide concentrations above their respective 
background, lowest RBAS, or MCL are shown on Figure 6-11.  All of the constituents with 
concentrations above their respective PRG are listed on Table 6-9.  One soil sample, SSD5C001, was 
collected from the DST 5 area and analyzed for a full suite of analytes.  Of the 173 analytes, five 
were detected at concentrations above their respective background, only Hg was detected above 
background and the lowest RBAS, and no analyte was above background and the residential or 
industrial PRGs. Hg at 0.35 mg/kg in sample SSD5C001 was the only constituent detected above 
both background (0.22 mg/kg) and the lowest RBAS (0.248 mg/kg).  This Hg concentration was well 
below the residential PRG of 23 mg/kg.  

One water sample was collected from the eastern hatch of DST 5.  Pb, chromium, antimony, 
barium, Hg, benzene and 1,2-dichloroethane were detected above their respective MCLs (Figure 6-
11).  Benzene was detected at 1.04 mg/l, over 200 times the MCL of 0.005 mg/l. 

Preliminary DL analysis was conducted to identify COCs associated with DST 5 that could 
potentially impact ground water (Appendix C).  Based on this analysis, Cr-VI and U-235 are of 
potential concern.  In October 2002, DL sampling was conducted at sample location SSD5C001 
(Figure 6-11), the sole soil sample collected from the DSS 5 area.  Sample SSD5C001 was collected 
7 ft bgs; therefore, DL samples were collected at five-foot intervals starting at 12 ft and terminating 
at 37 ft bgs. 

The DST 5 DL sampling analytical results are presented in Table 6-10.  Cr-VI concentrations 
were detected above the background concentration of 0.054 mg/kg in all of the samples from all of 
the borings, with no obvious concentration trend with depth.  Uranium-235/236 (U-235/236) was 
measured above background in two DL samples.  The maximum detected U-235/236 concentration, 
0.0594 pCi/g, was measured in sample SSD5DL08, collected 37 ft bgs. 

6.3.6.2 Ground Water Impact Evaluation 

To assess whether residual COC concentrations at DST 5 could potentially impact ground 
water, DL soil samples were collected seven and 12 ft bgs and analyzed using DI WET procedures 
for metals, SVOCs and nitrate.  DST 5 DI WET results are shown in Table J-7 of Appendix J.  The 
DI WET results were directly compared to three water quality goals (background, MCLs, and tap 
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water PRGs) to determine the soil’s potential to degrade water quality.  As described in Section 
6.3.2.2, this assumes an attenuation factor of 10. 

Only two DI WET constituents, arsenic and chromium, were detected above their respective 
background and MCL concentrations.  Arsenic and iron were detected above background and their 
PRGs.  Aluminum, which does not have an established background level or MCL, was detected 
above its PRG.  Assuming a 100-fold attenuation factor (see Section 6.3.2.2), all constituents were 
below their respective MCLs and/or PRGs, and only copper, iron, and manganese were above their 
respective background concentrations. 

A ground water sample was collected from the DL boring in the DST 5 area (Figure 6-11).  
Table J-8 of Appendix J presents the analytical results for this sample that were above detection 
limits.  The ground water samples were compared to background, MCLs and PRGs.  Ten of 23 COCs 
were detected above their respective background levels.  Of these, only thallium was above its MCL 
and/or PRG.  Two COCs without established background levels, Th-230 and U-233/234, were 
detected above their PRGs. Note that the ground water sample at DST 5 was collected from a 
borehole, not from a properly completed ground water well.  The sample contained sediment soil 
particles and was not filtered in the field or in the laboratory.  Therefore, these ground water results 
represent overestimates of the  actual ground water concentrations in this area. 

DST 5 soil sampling data indicated that Cr-VI and U-235 were present above background 
and therefore required modeling to evaluate potential ground water impact.  DL modeling results 
(Table 6-11) indicate that the residual Cr-VI and U-235 in soil at DSS 5 will not impact ground water 
above the background level or MCL.  This is corroborated by Cr-VI and U-235 concentrations in the 
nearest downgradient well (UCD1-21), which are similar to those in background well UCD1-18 
(Table 6-11).  In summary, DST 5 soil results, DL modeling, and DI WET analyses suggest that only 
copper, iron, and manganese may impact ground water above background levels, and that no DST 5 
area COCs are expected to impact ground water above MCLs.  

6.3.7 Domestic Septic System 6 

6.3.7.1 Pre-Removal Action Contaminant Distribution 

Table 6-16 summarizes all constituents detected in DSS 6 pre-RA soil samples at 
concentrations that exceed the lowest RBAS, background and/or the PRGs for residential soil.  
Antimony, barium, copper, Pb and Hg were detected above their respective soil background (> 4 ft 
bgs) and lowest RBAS values.  Fifteen constituents were detected above their respective PRGs for 
residential soil.  The DSS 6 pre-RA sample locations are shown on Figure 6-12. 

Hg was detected above background and the lowest RBAS in 34 of 44 samples in 
concentrations ranging from 0.13 to 101 mg/kg.  The pre-RA data suggested that the lateral extent of 
contamination was limited to the areas surrounding the leach lines.  
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Four SVOCs were detected above their respective lowest RBAS and PRG values for 
residential soil in sample SSD6C001A/B (Table 6-16).  This two-point composite sample was 
collected beneath the first points of perforation on the northern leach lines. 

Since there are no established background values for concrete, the analytical results from the 
DST 6 concrete tank bottom sample were compared to the lowest site soil background values.  Cr-VI, 
at 0.13 mg/kg, was the only constituent detected above the lowest site soil background in the 
concrete sample.  However, the Cr-VI concentration was well below the lowest RBAS and 
residential PRG concentrations. 

6.3.7.2 Removal Action Summary 

The DSS 6 RA consisted of removal of all the effluent lines, perforated Orangeburg pipe and 
leach trench gravels.  Approximately one ft of additional soil from the trench floor and sidewalls was 
also removed.  The excavation depth ranged from 6 ft bgs to 7 ft bgs and was 11 ft wide by 105 ft 
long.  Approximately 215 cu yd of removed piping, gravel and underlying soil are being managed as 
potentially hazardous waste.  Following waste removal, confirmation samples were collected and the 
area was backfilled with clean fill and compacted to grade. 

6.3.7.3 Air Monitoring 

Air sampling was conducted once during the DSS 3 and 6 RAs for health and safety 
purposes.  Since there was only one sampling event, there were not adequate data to perform 
statistical tests.  All of the maximum detected air concentrations were below the appropriate 
regulatory limits.  A detailed description of the sampling and analytical results is presented in 
Appendix D. 

6.3.7.4 Post-Removal Action Contaminant Distribution 

Twenty-three confirmation samples and three field duplicates were collected from the DSS 6 
excavation and analyzed for Cr-VI, copper, barium and Hg.  Four additional discretionary samples 
were collected and analyzed for Hg.  The confirmation sample locations are shown on Figure 6-13. 

Of the 117 analytes, only Cr-VI and Hg were detected above their background values (for 
greater than four ft bgs).  Hg was above the area-specific RBAS of 0.77 mg/kg but below the 
residential PRG of 23 mg/kg.  Cr-VI concentrations were below the lowest RBAS of 3.8 mg/kg, and 
PRG of 30 mg/kg.  Analytical results for confirmation samples with concentrations above 
background, PRGs and/or the lowest RBAS values are summarized in Table 6-17.  All of the SVOC 
and VOC soil sample results were below the detection limits.   

The maximum reported Cr-VI concentration was detected in sample SSD6C023, collected 
4.4 ft bgs from the excavation sidewall east of the northeastern leach line’s former location.  Five of 
six samples with Cr-VI detections were collected from the excavation’s eastern sidewall.   

The maximum reported Hg concentration, eight mg/kg, was detected in soil sample 
SSD6C038, collected seven ft bgs beneath the former location of the DSS 6 northeastern leach line.  
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The second highest Hg concentration, seven mg/kg, was detected in soil sample SSD6C025, s 
collected 4.4 ft bgs, approximately seven ft west of sample SSD6C038 (Figure 6-13).  No obvious 
concentration trends with depth were observed in the DSS 6 Hg data.  All of the Hg WET and TCLP 
results were well below the hazardous waste limit of 0.2 mg/l. 

A detailed confirmation sample data evaluation is presented in the Domestic Septic Systems 3 
and 6 Removal Actions Confirmation Report (WA, 2002a).  This evaluation included a human health 
risk analysis, based on the site-specific lowest RBAS, and a DL analysis.  Background comparisons 
(WRS and Quantile Tests) were conducted on the barium, copper and Hg confirmation data sets. All 
of these constituents with the exception of Hg passed the WRS and Quantile Tests and therefore were 
eliminated from the human health risk screening.  The human health risk analysis indicated that the 
RA activities reduced the cumulative cancer risk below 10-6.  The risk analysis also determined that 
the cumulative non-cancer RBAS HQ was 2.5 for the DSS 6 area, with Hg the most significant 
contributor to the cumulative HQ.  Hg was the only COC that failed a Hot Measurement Analysis of 
the confirmation data. 

The DSS 6 preliminary DL analysis (WA, 2002b) identified three COCs that require 
additional evaluation: Cr-VI, copper and Hg.  All of the copper and nitrate results were below 
background.  Therefore modeling for these constituents was not warranted.  The DSS 6 DL results 
are shown in Table 6-18.  Borings were also drilled at the first points of perforation on the 
southeastern and northeastern DSS 6 leach lines (Figure 6-12).  At each boring, DL samples were 
collected at 1-ft vertical intervals from 6 to 10 ft bgs and at 5-ft vertical intervals from 10 to 40 ft bgs 
and analyzed for Hg.  Samples were also collected at 5-ft vertical intervals from 6 to 41 ft bgs and 
analyzed for nitrate, total nitrogen, ammonia, copper, and Cr-VI. 

Cr-VI was detected above background in 15 of 16 DL soil samples.  No obvious 
concentration trend with depth was observed.  Hg was detected above the 0.248 mg/kg background 
concentration (for greater than four ft bgs) in eight of the 27 samples, not including field duplicates.  
Five of eight samples that had Hg concentrations above the background had high matrix spike 
recovery.  The DSS 6 DL  mercury samples were recollected to further assess these results.  The 
original samples, SSD6DL05, SSD6DL07, SSD6DL09, SSD6DL13, and SSD6DL15contained Hg 
concentrations of 4.3, 3.6 6.3, 0.94 and 0.53 mg/kg, respectively.  Recollected samples 
SSD6DL05RE, SSD6DL07RE and SSD6DL20, SSD6DL09R, SSD6DL13RE, SSD6DL15RE 
contained below background Hg in concentrations of 0.14, 0.12 and 0.043 mg/kg, respectively.  An 
additional DL boring was also drilled at confirmation sample location SSD6C038 where the 
maximum Hg concentration, eight mg/kg was detected.  All of the Hg concentrations were below the 
0.248 mg/kg background with the exception of sample SSD6DL44, where 0.72 mg/kg was detected.  
The highest Hg concentrations were observed between 10 and 20 ft bgs.  As described in Section 
6.3.7.5, the data collected during the DL and confirmation sampling were used in vadose zone 
modeling to evaluate the potential adverse impacts to ground water. 

6.3.7.5 Ground Water Impact Evaluation 

DSS 6 DL samples collected six and 10 ft bgs were analyzed using DI WET procedures for 
metals, SVOCs and nitrate.  All detected DI WET analytes at DSS 6 are shown in Table J-9 of 
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Appendix J.  DSS 6 DI WET results were evaluated following the methods described in Section 
6.3.2.2.  Only four constituents, arsenic, Pb, Cr-VI and total chromium, were detected above their 
respective background and MCL values.  Pb was detected above its MCL in one sample.  Assuming a 
100-fold attenuation factor (see Section 6.3.2.2), arsenic, Pb and chromium were below their 
respective background and MCL values. 

Several constituents do not have background or MCL values.  Therefore, the DI WET results 
for these constituents were compared to their respective US EPA PRG for tap water.  Aluminum, Cr-
VI and iron were detected above their respective tap water PRG.  Assuming a 100-fold attenuation 
factor, all of these constituents were below their respective PRG.  

Two ground water samples and one field duplicate were collected from the DL borings at 
DSS 6.  Table J-10 of Appendix J presents the analytical results that were above detection limits.  All 
of the Hg concentrations were below the MCL.  Cr-VI was detected in one sample at 0.051 mg/l, 
which is slightly above the 0.1 mg/l MCL. Copper was detected in two samples.  The maximum 
detected copper concentration, 2.6 mg/l, is twice the 1.3 mg/l MCL.  Two nitrate samples were above 
the MCL, but below background. 

Arsenic, barium, chromium, cadmium, Pb and selenium were detected above their respective 
background and MCL values.  Iron, beryllium, chromium, cadmium, Pb, nickel, K-40 vanadium 
lead-212 (Pb-212), and Ra 226 were detected above their respective MCL and/or PRG. 

The ground water samples at DSS 6 were collected from a borehole, not from a properly 
completed monitoring well.  These samples contained sediment/soil particles and were not filtered in 
the field or in the laboratory.  Therefore, these ground water results represent overestimates of the 
actual ground water concentrations in this area. 

Cr-VI and Hg were the only constituents detected above background in the DSS 6 
confirmation and DL data sets and therefore require modeling.  The DL modeling results for Cr-VI 
indicate that a soil concentration of 0.809 mg/kg distributed throughout the vadose zone may result in 
ground water impact at the 50 µg/l MCL (Table 6-19).  In addition, the modeling results indicate that 
a soil concentration of 0.638 mg/kg might impact ground water at the estimated 39 µg/l background 
level.  The maximum Cr-VI concentrations detected in confirmation and DL samples were 0.362 
mg/kg, and 0.467 mg/kg, respectively.  Based on the DL modeling, any impact on ground water from 
these concentrations of Cr-VI in DSS 6 soil will be below the MCL and background.  Although Cr-
VI is detected at levels slightly above background (36 to 66 µg/l) in downgradient well UCD1-21, the 
modeling results and UCD1-21 well location suggest that DSS 6 area is not the source of these 
slightly elevated concentrations.  Other regional or LEHR Site sources may impact ground water at 
this location. 

Using the 11 µg/l PRG for the more mobile mercuric chloride as the ground water goal, the 
DL modeling result for Hg is 0.522 mg/kg in soil, with a peak ground water concentration equivalent 
to the MCL in 1,860 years.  Using the 0.10 µg/l estimated background ground water concentration as 
a goal, the resulting DL soil limit is 0.00475 mg/kg.  The maximum Hg concentrations detected in 
confirmation and DL samples were 8.0 mg/kg, and 6.7 mg/kg, respectively, and the RME 
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concentration was 1.85 mg/kg.  Based on the DL modeling, localized impact on ground water may 
exceed the MCL and background from these concentrations of Hg in DSS 6 soil. Hg has not been 
detected in downgradient well UCD1-21 in the past six years. 

In summary, DSS 6 soil results, DL modeling, and DI WET analyses suggest that only Hg is 
expected to impact ground water above background and/or MCL, and that this impact will not occur 
for approximately 1,800 years. 

6.3.8 Domestic Septic System 7 

As discussed in Section B-9 of Appendix B, it is believed that DST 7 was demolished in 
place, possibly during installation of the existing sewer line at the Co-60 Building.  Three soil 
samples were collected from the suspected former location of DST 7 during the LFI.  All of the 
chemical and radionuclide concentrations above their respective backgrounds and/or lowest RBASs 
at DSS 7 are shown on Figure 6-14.  Of the 169 analytes, 14 were detected above background, 
four were reported at concentrations above background and their lowest RBAS, three were above 
background and their respective residential PRGs, and two were above background and their 
industrial PRGs. 

Sample LEHR-S-428, collected seven ft bgs, contained manganese at 790 mg/kg.  This 
concentration is greater than both the background and lowest RBAS values, but less than half of the 
soil PRG for residential soil.  Sample LEHR-S-429 had a Hg concentration of 0.35 mg/kg, slightly 
greater than the lowest RBAS value of 0.22 mg/kg and background concentration of 0.248 mg/kg, 
but well below the residential PRG of 23 mg/kg.     

Ra-226 was detected above both background and the lowest RBAS at 0.85 pCi/g in Sample, 
LEHR-S-430.  This activity is just 0.1 pCi/g above the background activity.  Furthermore, the Ra-226 
decay daughters, Pb-214 and bismuth-214, were well below background.  The decay daughters 
should be in equilibrium with Ra-226; therefore, it is likely that the above-background Ra-226 
activity is due to laboratory error. 

UC Davis personnel indicate that before DSS 7 was used, the Co-60 Building was connected 
to the new sewer (WA, 2001g).  No reports or drawing of a possible DB or leach field associated 
with DSS 7 have been found.  The limited data available suggest that there are no constituents 
present at levels significantly above the lowest RBASs and background levels.  Therefore, no further 
action is planned at DSS 7.   

6.3.9 Domestic Septic Systems 1 and 5 Leach Field (Dry Wells A through E) 

6.3.9.1 Removal Action and Investigation Summary and Contaminant Distribution 

During the 1999 Ra/Sr Treatment Systems Area I RA, exploratory trenching was conducted 
to confirm the termination point of the Ra-226 NLT.  On July 26, 1999 a concrete structure was 
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uncovered approximately 15 ft north of the NLT.  Additional excavation in this area revealed a leach 
system containing five dry wells (Dry Wells A through E), a DB and piping connecting the system 
(Figure B-1). Based on a review of existing site maps, it is believed that the dry wells were used as 
the leachfields for DSSs 1 and 5 from 1962 to 1970 when the sanitary sewer system was connected.  
It is likely that DSSs 1 and 5 both served ITEH’s Main Office and Laboratory (Building H213), 
where DOE-funded research was being conducted. 

The dry well structures consisted of circular concrete manways 30 inches in diameter that 
extended from one to six ft bgs.  Two-inch diameter rounded drain rock filled the manway structure 
starting at a depth of three ft bgs and continuing to eight ft bgs.  In Dry Wells D and A, large cobbles 
6 to 12 inches in diameter were observed between seven and eight ft bgs.  The upper portions of 
Dry Wells A through E were removed to depths ranging from 8 to 20 ft bgs.  Excavation in the 
vicinity of Dry Wells A, B, C, and E reached a depth of eight ft bgs.  Dry Well D was excavated to a 
depth of 20 ft bgs, the maximum reach of the excavator.  Gravel was observed to the maximum 
excavation depth indicating that Dry Well D is at least 20 ft deep.  A DB was located approximately 
one ft bgs and measured four ft wide by four ft long by three ft high.  The DB was removed and the 
area was excavated to a depth of approximately 5.5 ft bgs.  The soil and rock were containerized in 
13 B-25 boxes for proper characterization and disposal.  The concrete removed from this area was 
pulverized and added to the WDPs concrete stockpile.  Following excavation and waste removal, the 
area was backfilled and compacted using an excavator with a compaction wheel.  DSTs 1 and 5 and 
the residual lower portions of the dry wells were not removed during this RA.  

During the RA, 11 investigation samples were collected from the DSS 1 and 5 Leach Field 
(Dry Wells A through E) area.  The analytical results are summarized in Table 6-20.  The maximum 
Ra-226 and Cs-137 concentrations and the majority of the maximum detected metals concentrations 
were reported in sample CWRSC024, collected 9.5 ft bgs at the southwestern edge of Dry Well D.  
All of the soil within an approximate five-ft radius of sample CWRSC024 was removed during the 
1999 RA.  

Soil samples were collected during the 2001 DSSI to further characterize the occurrence, if 
any, of COCs at Dry Wells A through E.  Soil samples were collected at 10, 20, 30, and 40 ft bgs 
from a borehole located approximately two ft from the axis of each dry well.  All of the analytical 
results above background and the lowest RBAS levels at Dry Wells A through E are shown on 
Figure 6-15.  All of the constituents with concentrations above their respective PRG are listed on 
Table 6-9.  Of the 173 analytes, 24 were detected at concentrations greater than their respective 
backgrounds, seven were detected above their respective background and lowest RBAS, four were 
reported at concentrations that exceeded their respective background and residential PRG, one was 
detected above background and the industrial PRG.  

At Dry Well A, cadmium, Cs-137, Hg and silver were detected at concentrations greater than 
both their respective background and lowest RBAS values.  Hg was the only constituent to be 
detected above both background and the lowest RBAS concentrations in more than one sample.  The 
Hg concentrations of 1.2 and 1.7 mg/kg were over four times greater than the background 
concentration of 0.248 mg/kg.  The maximum reported cadmium concentration of 0.54 mg/kg was 
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only 0.03 mg/kg above background.  Silver was detected at 7 mg/kg, over 1.5 times the lowest RBAS 
value.  Cs-137 was detected at 0.191 mg/kg, 0.091 mg/kg greater than the lowest RBAS value. 

At Dry Well B, cadmium, Cs-137, manganese, Hg and silver were detected at concentrations 
greater than both their respective background and lowest RBAS concentrations (Figure 6-15).  Hg 
was detected at concentrations above both background and the lowest RBAS in three of four 
samples.  The maximum reported Hg concentration of 0.49 mg/kg, was less than two times the 
background concentration.  Maximum cadmium, Cs-137, manganese and silver concentrations were 
all less than two times their background or lowest RBAS.   

At Dry Well C, barium, cadmium, Pb, manganese, Hg and silver were detected in 
concentrations greater than both their respective background and lowest RBAS levels (Figure 6-15).  
Hg was detected in concentrations above both background and the lowest RBAS in all four samples.  
The maximum reported Hg concentration of 1.5 mg/kg was over six times the background 
concentration.  Silver was detected at concentrations above both background and the lowest RBAS in 
three of four samples.  The maximum reported silver concentration of 53.8 mg/kg was over fourteen 
times the lowest RBAS concentration of 3.8 mg/kg.  The maximum reported barium concentration of 
608 mg/kg was over two times background.  Maximum cadmium, manganese and Pb concentrations 
were all less than 1.5 times their background concentrations.   

A total of four soil borings were drilled surrounding Dry Well D to determine if the 1999 RA 
successfully removed contamination near sample CWRSC024.  Borings D1, D2, D3 were drilled 
southeast, southwest and northwest of the center of the Dry Well D, respectively (Figure 6-15). 
Samples were collected from borings D1, D2 and D3 at 10, 15 and 20 ft bgs and analyzed off-site for 
metals.  Soil boring D4 was drilled northeast (down gradient) of Dry Well D, and samples were 
collected at 10, 20, 30 and 40 ft bgs and analyzed for a full suite of analyses.  All of the borings were 
drilled within two ft of the axis of the dry well. 

Pb and manganese were detected in concentrations greater than both their respective 
background and lowest RBAS values in samples collected from boring D1 (Figure 6-15).  
Manganese was detected above both background and the lowest RBAS in all three samples.  The 
maximum reported manganese concentration of 1,010 mg/kg, is less than one and a half times the 
background concentration.  The maximum reported Pb concentration, 9.9 mg/kg, was slightly above 
the background concentration of 9.5 mg/kg. 

Hg and silver were detected in concentrations greater than both their respective background 
and lowest RBAS values in samples collected from borings D-2 and D-3.  Hg was detected above 
both background and the lowest RBAS in four of six samples at 10 and 15 ft bgs.  The maximum 
reported Hg concentration of 1.4 mg/kg is over five times the background concentration.  Silver was 
detected above both background and the lowest RBAS in three of six samples.  The maximum 
reported silver concentration of 27.6 mg/kg was over seven times the lowest RBAS concentration.   

Hg was only constituent detected at a concentration greater than both background and the 
lowest RBAS levels in samples collected from boring D4.  The Hg concentration of 1.5 mg/kg was 
over six times the background concentration of a depth between 38 and 42  ft .  
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At Dry Well E, Hg and silver were detected at concentrations greater than both their 
respective background and lowest RBAS levels.  The maximum reported Hg concentration of 0.45 
mg/kg was less than two times the background concentration.  The maximum reported silver 
concentration of 6.7 mg/kg was less than two times the lowest RBAS.   

A human health risk analysis was conducted on the Dry Wells A through E sample results 
and is discussed in detail in Appendix F.  Background Comparisons (WRS and Quantile Tests) were 
conducted for barium, copper, Pb, mercury, manganese, Th-232, cadmium, Pb-210, Th-228 and Th-
232.  Barium, manganese, Pb-210, Th-228 and Th-232 passed their respective background 
comparisons and were removed from the human health risk analysis. 

At Dry Wells A through E, Pb exceeded the 10-6 and 10-5 target risk levels for Scenario 1 and 
Scenario 2, respectively.  For exposure Scenario 1, at 10-5 and 10-4 target incremental carcinogenic 
risk levels, the cumulative RME/RBAS ratio are below 1.0 for the Dry Wells A through E area.  For 
exposure Scenario 2, at 10-4 target incremental carcinogenic risk level, the cumulative RME/RBAS 
ratio is below 1.0.  For exposure Scenario 2, the RME/RBAS ratio for Pb accounted for 68.18 of 
70.85 of the cumulative RME/RBAS.  However a histogram comparison of the Dry Wells A through 
E Pb data and the background data set show that the Dry Wells A through E data is just slightly 
above background (Figure F-3).  For exposure Scenario 3, the cumulative RME/RBAS ratio are 
below 1.0 for the 10-6, 10-5, or 10-4 target risk levels. 

Cadmium, copper, Hg and silver had RME values that exceeded their respective non-
carcinogenic RBAS values based on an HQ of 1.0. Scenario 2 (East side Residential Farmer) is the 
only scenario with a cumulative HQ that exceeded 1.0.  The cumulative HQ for Scenario 2 is 10.42 
with Hg and silver contributing fractions of 3.64 and 3.61, respectively. 

6.3.9.2 Ground Water Impact Evaluation  

Preliminary DL analysis was conducted to identify COCs associated with Dry Wells A 
through E that could potentially impact ground water (Appendix C).  Based on this analysis, Cr-VI, 
chromium, Hg, molybdenum, silver, Cs-137, and Sr-90 are of potential concern (Table C-1).    
Because the maximum concentrations of all of these COCs were detected at depths typically below 
the water table (i.e., 30 ft bgs or greater), vadose zone modeling was not needed to evaluate potential 
impact to ground water.  Instead, “equilibrium soil concentrations” were calculated using the ground 
water background levels, MCLs and representative partitioning coefficients (Kd) for these COCs.  
The results of these calculations and comparisons of the equilibrium soil concentrations with the 
maximum concentrations detected in the Dry Wells A through E area are presented in Table 6-21. 

As shown on Table 6-21, all of the DL COCs in the Dry Wells A through E area are present 
at concentrations that could result in localized ground water impact above background.  In addition, 
the maximum Cr-VI, total chromium, Hg, and silver concentrations could also result in ground water 
impact above MCLs.  With the exception of Cr-VI, none of these COCs has significantly impacted 
ground water at the LEHR Site, and there are other known sources for Cr-VI in ground water.  
However, the nearest downgradient wells are at least 400 ft from the Dry Wells A through E area, 
making local impact to ground water from the Dry Wells difficult to assess. 
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6.4 Western Dog Pens 

6.4.1 Description and Operations 

Following a 30-day indoor holding period, the irradiated beagles were moved outside to the 
WDPs and EDPs (Figures 1-2, 6-16 and 6-17) (Goldman, 1997; DOE archived records).  Feces were 
removed from each pen daily, and urine percolated into the gravel floor of the dog pens (Ballard, 
1997; Goldman, 1997; Hinz, 1997; DOE archived records).  The gravel was removed periodically 
and disposed in the SWT (Hinz, 1997) and possibly disposed off-site (Ballard, 1997). Dogs were 
dipped in chlordane to control fleas from 1960 until 1968, when excess exposure to chlordane 
appeared to have impacted the health of the dogs (DOE archived records). The dipping was 
apparently performed near the western boundary of the WDPs (Goldman, 1997; Hinz, 1997). 
Chlordane was also sprayed in and around the dog pens, particularly near the southern edge of the 
pens because flea-bearing rodents were believed to be more plentiful south of the dog pens than in 
other directions due to the proximity of Putah Creek (Ballard, 1997). 

From available architectural drawings and LEHR documents, the following dog pens 
construction timeline was developed.  By June 1958, 64 outside pens (Rows A and B, Figure 6-16) 
were completed in the WDPs area, with the exception of dog house installation and surfacing with 
crushed rock.  These outside pens were scheduled to be completed and occupied by September 1958 
(DOE, 1958).  By 1960, 96 outdoor pens (Rows A through C) were completed and put into operation 
(DOE, 1961).  By February 3, 1961, 128 pens (Rows A through D) were complete.  Based on field 
investigations, these original four rows, A through D, contain sub-grade, gravel-filled trenches that 
are oriented in an east-west direction.  Construction drawings indicate that these trenches contain a 
water line, but their design purpose is not known.  Between 1961 and 1964, an additional 64 pens 
were constructed (Rows E and F) for a total of 192 pens.  Between 1964 and 1968, the remaining 
128 WDPs were constructed (Rows G through J).  In rows E through J of the WDPs, the water lines 
were not buried in gravel trenches.  The WDPs were used to house research animals through 1988 
when DOE-funded research activities ceased. 

6.4.2 Pre-Removal Action Contaminant Distribution 

All pre-RA investigations in the WDPs area are summarized in Table 6-22 and sample 
locations are shown on Figures 6-18 and 6-19.  A statistical evaluation of the pre-RA WDPs soil 
analyses was presented in the Draft Technical Memorandum: Statistical Comparison of Western Dog 
Pens Soil Data with Risk-Based Target Levels (WA, 1999a). The statistical evaluation of WDPs soil 
analytical data is summarized in Table 6-23.  Data collected during the 1994 investigation and the 
1997/1998 investigation were included in the statistical evaluation and are discussed below. 

The maximum reported activity of Ra-226 was detected in the 5.75 ft bgs sample from boring 
SBL-5 at 5.11 pCi/g.  This sample was collected during the 1994 investigation from pen G-22 near 
the center of the WDPs (Figure 6-19). However, no subsurface samples collected during the 
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1997/1998 investigation, including one collected at the same location and depth as the SBL-5 
sample, had Ra-226 activity greater than background.  The maximum reported activity of Sr-90, 
0.712 pCi/g, was detected in sample SSDP0263.  This sample was collected from 25 ft bgs from pen 
G-22.  The WDPs investigation data did not show any relationship of Sr-90 concentration with depth.   

The maximum reported Hg concentration of 3.7 mg/kg was detected in surface soil in 
pen H-29.  The investigation data showed that Hg concentrations attenuated sharply with depth. The 
maximum Cr-VI concentration of 1.02 mg/kg sample SSDP0285 was detected in surficial soil 
sample SSDP0285 from pen C-15.  The investigation data did not show a relationship of Cr-VI 
concentration with depth.  Surficial soil sample LEHR-SS-DP-141 from pen E-7 had the maximum 
detected concentration of alpha-plus-gamma chlordane at 2,186 µg/kg.  Chlordane concentrations 
attenuated markedly with depth, and were below the detection limit in all of the soil samples 
collected from greater than two  ft  bgs. 

Statistical evaluation of the WDPs soil data determined that the maximum concentrations or 
reasonable maximum exposure for all COCs are at or below the appropriate soil RASs, defined as the 
lowest appropriate RBAS or background for those COCs with background levels higher than the 
lowest RBAS (WA, 2001a).  In addition, many of the WDPs soil sample locations were selected 
specifically to target areas with suspected elevated COC levels.  Accordingly, use of these data in the 
statistical analysis and comparisons with RASs yields results that are more health-conservative than a 
random sample set. 

The maximum reported concentrations of all constituents detected in the WDPs gravel and 
concrete curbing prior to the 2001 RA are presented in Table 6-24.  The maximum reported Ra-226 
and Sr-90 gravel concentrations of 1.94 pCi/g and 3.59 pCi/g, respectively, were detected in sample 
LEHRSSDP-0072, collected from pen C-32 (Figure 6-19).  The concrete curbing sample with the 
maximum reported Ra-226 concentration of 3.67 pCi/g was also collected from pen C-32. 

6.4.3 Removal Action Summary 

In 1975, 64 pens (Rows A and B) were removed during construction of the Cellular Biology 
Laboratory (Figure 6-16).  The barrels, fencing, concrete pedestals, gravel and interior curbing were 
removed, but the perimeter curbing was left in place.  Figure 6-17 shows a schematic of a typical dog 
pen prior to demolition.  In 1996, the barrels, interior chain-link fencing and concrete pedestals were 
removed from the remaining 256 WDPs.  The barrels and concrete pedestals were properly packaged 
and shipped to the DOE Hanford site for disposal.  In 1999 the interior chain-link fencing was 
released according to DOE Order 5400.5 and recycled off-site (EMS, 1999).  These above-ground 
facility RAs are not considered part of the CERCLA RA, but are mentioned here for completeness. 

Based on the statistical comparison of pre-RA soil data with RASs, no WDPs soil removal 
was necessary to reduce risk to acceptable levels.  Because the analytical data for the gravel, asphalt 
and concrete curbs in the WDPs area were not sufficient to eliminate them as potential risks (WA, 
2001d), the WDPs RA focused on removing these materials, as well as the metal grating underlying 
the gravel in many of the pens. 
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6.4.3.1 Removal Action Activities 

Mobilization and site setup for the WDPs RA began on April 30, 2001.  RA activities began 
in Aisle 3, the former storage location for chlordane-contaminated soil removed during the SWT area 
during a prior RA.  As a conservative measure, the asphalt and 6 inches of underlying soil from Aisle 
3 were removed, containerized in 19 Lift Liners and shipped to Envirocare of Utah for disposal.  

Between May 22 and early August 2001, the concrete curbing, gravel, metal grating and 
fence posts were removed from the existing 256 WDPs.  Approximately, 1,725 cu yd of gravel, 
650 cu yd of asphalt, 800 cu yd of concrete curbing, and 45 cu yd of metal grating and fence posts 
were removed.  This material was removed using an excavator, segregated into one of four waste 
streams and transported to the appropriate stockpile using a wheel loader.  Following waste removal, 
confirmation samples were collected from the WDPs excavation area.  

Gravel removed from each pen was placed into one of three piles based on data collected 
prior to the RA.  All of the gravel was sifted to segregate the gravel from the soil.  The soil was 
returned to WDPs excavation after on-site screening for Ra-226 and Sr-90 indicated that the 
concentrations were below the SC.  All of the concrete curbing that was removed from the WDPs 
was pulverized with a universal processor and stockpiled.   

The southern portion of the WDPs was then backfilled and compacted to grade, but the 
northern portion of the WDPs was left below grade.  Currently, waste and material stockpiles are 
stored within the backfilled area of the WDPs.  Five individual stockpiles containing gravel, 
concrete, metal and wood are located in above-grade cells, pending characterization sampling results. 

6.4.3.2 Air Monitoring Results 

Air monitoring was conducted in the WDPs before, during and after the RA.  Statistical tests 
were conducted on these air monitoring data to determine if the concentrations of COCs in air were 
distinguishable from background or exceeded regulatory limits.  Detailed descriptions of the 
sampling and analysis, statistical test methods and results are presented in Appendix D of this report.  
Statistical analysis of on-site air monitoring data collected during the WDPs RA indicated that 
ambient air concentrations did not exceed the background or applicable regulatory limits. 

6.4.4 Post-Removal Action Contaminant Distribution 

Based on the statistical evaluation of the WDPs soil data, all of the soil removed during the 
WDPs RA, with the exception of the Aisle 3 soil, was returned to the excavation following on-site 
screening for Ra-226 and Sr-90.  After completion of the WDPs RA, confirmation samples were 
collected from the WDPs shallow soil and analyzed for Ra-226, Sr-90, chlordane, Hg and Cr-VI.   

A total of 38 confirmation samples (including five field duplicates) were collected from the 
WDPs excavation.  Both random-based and discretionary hot spot confirmation samples were 
collected to ensure attainment of RASs using a statistically-based sampling design.  Twenty-one of 
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the primary sample locations were random-based and eight locations were discretionary 
(Figure 6-20). 

Table 6-25 summarizes the WDPs confirmation sampling analytical results.  Cr-VI 
concentrations exceeded the site-specific background concentration in 26 samples, but were well 
below the lowest RBAS, residential and industrial PRG.  Hg and total chlordane were detected above 
background in some samples but were not detected at concentrations greater than any of the 
applicable standards.  One alpha-plus-gamma chlordane result exceeded the RAS.  Additional 
samples were collected surrounding the original sample location as discussed below.  These data 
were included in the statistical analysis summarized in Table 6-25.  All of the Ra-226 results were 
below  site background concentration.  Sr-90 was detected above background in 11 samples, but all 
concentrations were below the lowest RBAS. 

The maximum reported Sr-90 activity, 0.491 pCi/g, was detected in soil sample SSWDC019, 
collected 1.5 ft bgs from pen I-28 (Figure 6-20). The maximum reported Hg concentration of 
5.1 mg/kg was detected in soil sample SSWDC020, collected 1.5 ft bgs from pen I-22.  

Rows C and D of the WDPs contain sub-grade gravel-filled trenches that are oriented in an 
east-west direction.  The water lines contained within these trenches were removed during the 2001 
RA.  Five cobble samples (including one field duplicate) were collected during confirmation 
sampling.  One cobble sample was collected from each of the four east-west running trenches at a 
discretionary location. The locations of cobble samples SSWDC021, SSWDC022, SSWDC025, 
SSWDC027 and SSWDC028 are shown on Figure 6-20.  The maximum reported Ra-226 activity, 
0.664 pCi/g, was detected in cobble sample SSWDC022, collected two ft bgs in pen D-22 (see Fig. 
6-20).  The soil beneath each of the cobble sample locations was also sampled and analyzed for the 
full confirmation suite.  The maximum reported Cr-VI concentration of 1.17 mg/kg was detected in 
soil sample SSWDC026, collected beneath a cobble trench at 2.5 ft bgs in pen C-5. 

As discussed above, Aisle 3 was the former storage location for chlordane-contaminated soil 
removed during the SWT RA.  Four of the discretionary samples were collected from Aisle 3 to 
evaluate whether any residual chlordane remained (Figure 6-20).  Surface soil samples were 
collected from four random locations and analyzed for chlordane only.  Sample SSWDC033 had the 
maximum reported alpha-plus-gamma chlordane and total chlordane concentrations of 873 µg/kg and 
2,120  µg/kg, respectively.  This sample had the only alpha-plus-gamma chlordane concentration that 
exceeded the lowest (800 µg/kg) RBAS.  Samples SSWDC023 and SSWDC029 had the second and 
third highest alpha-plus-gamma chlordane concentrations, at 333 µg/kg and 244 µg/kg, respectively.  
Samples SSWDC023 and SSWDC029 were both collected beneath the cobble trenches.  

At the request of the RPMs, sample locations SSWDC033, SSWDC023 and SSWDC029 
were re-sampled.  Additional samples were also collected from the areas surrounding each sample 
location to determine the vertical and lateral extents of chlordane contamination (Figure 6-21).  
Sample SSWDC050 was collected from sample location SSWDC051, which had the maximum 
alpha-plus-gamma chlordane concentration of 1,529 µg/kg.  Alpha-plus-gamma chlordane was not 
detected above the detection limit of 1.9 µg/kg in sample SSWDC050.  However, sample 
SSWDC051, collected five ft north of sample SSWDC033 and SSWDC050, had an alpha-plus-
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gamma chlordane concentration of 1,529 µg/kg and a total chlordane concentration of 4,340 µg/kg.  
All of the other samples collected around sample location SSWDC033 were well below the action 
levels. 

The confirmation sample data are evaluated in detail in the Draft Western Dog Pens Area 
Removal Action Confirmation Report (WA, 2002c). This evaluation included a human health risk 
analysis based on the site-specific lowest RBAS.  The human health risk analysis indicated that the 
RA activities reduced the cumulative cancer risk to a nominal range of 10-4 to 10-6. Background 
comparisons (WRS and Quantile Tests) were conducted on the Ra-226 confirmation data set.  Ra-
226 was below background and therefore was not included in the human health risk analysis.  The 
risk analysis determined that the cumulative non-cancer HQ was reduced below 1.0.  All COCs 
passed the Hot Measurement Analysis. 

6.4.5 Ground Water Impact Evaluation 

During the 1998 WDP investigation, six grab ground water samples and one field duplicate 
were collected from borings drilled within the WDPs.  Concentrations of all analytes in the ground 
water were similar to those detected recently in monitoring wells located upgradient of the WDPs 
Area, with the exception of nitrate in four of the seven grab ground water samples analyzed (WA, 
1997e).  The maximum detected nitrate concentration in the ground water samples was 78.6 mg/l, 
compared with the 25.4 mg/l typically detected in upgradient well, UCD1-18.  There is no apparent 
correlation between the nitrate concentrations in ground water and those in immediately overlying 
soil (WA, 1997e). This suggests that nitrate from historic sources has already moved through the 
vadose zone. 

As discussed in Section 6.4.4, chlordane in two samples was the only COC above its lowest 
RBAS in the WDPs confirmation samples (Table 6-25).  Therefore, no post-RA DL sampling and 
vadose zone modeling was conducted for the WDPs.  Vadose zone modeling was conducted earlier 
as part of the EE/CA for the WDPs and EDPs; however, Ra-226 and Cr-VI were not considered 
COCs at that time and were not included in the modeling.  The other key COCs identified for the 
WDPs (Sr-90, Hg, and chlordane) were modeled and compared to the maximum WDPs soil 
concentration detected in all samples collected under CERCLA, including the confirmation samples.  
In addition, actual concentrations of each of the five WDPs COCs in ground water upgradient and 
downgradient of the WDPs were compared.  Data from wells UCD1-20 and UCD1-24 (Figure 2-3) 
were used to represent ground water downgradient of the WDPs, and as described in Section 6.2.5, 
well UCD1-18 was used to represent upgradient or background conditions. 

Ra-226 is periodically analyzed in upgradient well UCD1-18 and downgradient well 
UCD1-20.  Ra-226 has ranged from 0.17±0.13 to 2.31±0.777 pCi/l in the downgradient wells and 
from 0.27±0.15 to 1.34±0.618 pCi/l in the background well.  All these are below the 5 pCi/l Ra-226 
MCL.  Based on these results and the fact that the Ra-226 activity in all confirmation soil samples 
collected from the WDPs was below background, any impact to ground water by Ra-226 in WDPs 
soil is very unlikely. 
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Sr-90 was not detected in any of the ground water samples collected from downgradient 
wells UCD1-20 and UCD1-24 and background well UCD1-18 in the last six years.  However, based 
on the vadose zone modeling results, it is very unlikely that the Sr-90 remaining in WDPs soil would 
have any measurable impact on ground water.  As shown on Table 6-26, modeling results indicate 
that Sr-90 soil concentrations would have to be approximately 19 orders of magnitude greater than 
the maximum detected in WDPs area samples to result in ground water impact at the MCL. 

Cr-VI concentrations in the two wells downgradient of the WDPs have ranged from 19 to 
35 µg/l in well UCD1-20 and from 23 to 42 µg/l in well UCD1-24 since first sampled in winter 1995.  
These are similar to the background concentration of 39 µg/l for well UCD1-18, lower than Cr-VI 
concentrations in ground water under other portions of the Site, and below the 50 µg/l MCL for total 
chromium.  

The maximum (5.1 mg/kg) soil confirmation sample result for Hg is above the modeled 
allowable soil concentration of 0.62 mg/kg for potential impact to ground water at the 2 µg/l MCL.  
However, the estimated time required for this impact to occur is almost 6,000 years.  Over the last six 
years, Hg has not been detected with a detection limit of 0.2 µg/l in either of the downgradient wells 
or in the background well. 

The maximum soil concentrations for alpha and gamma chlordane, 1,210 and 976 µg/kg, 
respectively, are many orders of magnitude below the model results of 59 mg/kg for gamma 
chlordane and 1.32E+4 mg/kg for alpha chlordane ground water impact at the 0.1 µg/l total 
chlordane MCL.  Over the last six years, chlordane has not been detected in either of the 
downgradient wells with detection limits as low as 0.01µg/l. 

Based on the soil concentrations, vadose zone modeling, and downgradient ground water 
concentrations, COCs in WDPs soil should not have any significant impact on ground water in the 
next several thousand years. 

6.5 Eastern Dog Pens   

6.5.1 Description and Operations 

According to aerial photographs, Rows K and L of the EDPs (Figure 6-16) were constructed 
by May 1968.  The final row of the EDPs (Row M) was completed by March 1970.  Water lines in 
the EDPs were not bedded in gravel as some were in the WDPs.  The EDPs were used to house 
beagles that were involved in the research through 1988 when research ceased.  The EDPs operations 
were similar to those discussed in Section 6.4.1 for the WDPs. 
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6.5.2 Remedial Activity Summary 

In 1996, the barrels, interior chain-link fencing and concrete pedestals were removed from 
the 96 EDPs.  The barrels and concrete pedestals were properly packaged and shipped to the DOE 
Hanford site for disposal.  In 1999 the interior chain-link fencing was released according to DOE 
Order 5400.5 and recycled off-site through an authorized release (WA, 2000a).   

As discussed in Section 2.2.2, UC Davis and DOE are currently working on Draft MOA 
Amendment 1, which addresses the agreement for environmental restoration activities for the 
Landfill Disposal Unit 2/EDPs area.  Therefore, no subsurface remedial actions have been performed 
to date. 

Access to the EDPs will be controlled pending remediation of the underlying Landfill 
Disposal Unit 2.  It is assumed that UC Davis will complete the landfill remediation prior to the end 
of 2004.  In the interim, the following controls will be implemented until the signed date of the 
revised MOA: 

1. Repair and maintain the perimeter fence to prevent public access to potentially 
impacted areas; 

2. Affix permanent postings to the perimeter fence to prevent unsupervised gravel, 
asphalt or concrete disturbance; and, 

3. Conduct semi-annual monitoring and inspections to determine the need for 
measures 1 and 2 above, and to verify that the EDP gravel, asphalt and concrete 
have not been disturbed. 

Semi-annual inspections will be conducted to verify that the above controls remain in place 
until Landfill Disposal Unit 2 is remediated and a final solution meeting regulatory requirements is 
implemented.  According to the MOA, UC Davis will also continue ground water monitoring in this 
area. 

6.5.3 Contaminant Distribution 

Table 6-27 summarizes investigations conducted in the EDPs.  The nature and extent of 
contamination in the EDPs is based on the investigation conducted in 1999 and presented in the 
Technical Memorandum: Investigative Results for the Former Eastern Dog Pens (WA, 1999c).  The 
1990 and 1996 data were not collected under work plans that were prepared to CERCLA standards or 
approved by the LEHR RPMs.  Therefore, these data were not included in the statistical evaluation of 
the EDPs soil.  The EDPs soil analytical data from the 1999 investigation are summarized in 
Table 6-28.  The EDP soil samples were collected from the upper two  ft and do not include material 
from the landfill underneath the EDPs.  The EDPs soil sample locations for all of the investigations 
are shown on Figure 6-22. 
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The 1999 EDPs investigation soil samples were analyzed for 58 constituents.  Of these, only 
seven pesticides, and two PCBs were detected and only Sr-90, chromium, Cr-VI, were statistically 
above background.  Dieldrin exceeded its site-specific lowest RBAS, residential PRG, and industrial 
PRG in one or more samples, and total chromium exceeded its residential PRG in two samples.  Sr-
90 was above the residential PRG, but below the site-specific lowest RBAS and industrial PRG.  
None of the other above-background COCs exceeded the RBAS or PRGs.  Based on these data for 
the EDPs, all COCs in the upper three ft of soil above Landfill Unit 2 are statistically below their 
respective RASs (WA, 2001d). 

Surficial soil sample SSDP0302, collected from pen M-8, had the maximum reported Ra-226 
and Hg levels of 0.734 pCi/g and 14.6 mg/kg, respectively.  Surficial soil sample SSDP0319, 
collected from pen K-1, had the maximum reported Sr-90 activity at 0.164 pCi/g.  The maximum 
reported Cr-VI concentration of 0.673 mg/kg was detected in sample SSDP0320, collected from pen 
K-1 at 2 ft bgs.  Sample SSDP0346, collected from surface soil in pen K-19, had the maximum 
detected concentration of alpha-plus-gamma chlordane (91.2 µg/kg).  The maximum dieldrin 
concentration of 223 µg/kg was reported in surficial soil sample SSDP0338, collected from 
pen M-17. 

The EDPs gravel and concrete curbing analytical results are summarized in Table 6-29.  The 
EDPs gravel and concrete sample locations are shown on Figure 6-23.   

6.5.4 Ground Water Impact Evaluation 

Potential impact to ground water from COCs in EDPs soil above Landfill Unit 2 was 
evaluated by comparing results from the 1999 soil investigation with vadose zone modeling results.  
The presence of UC Davis Landfill Disposal Unit 2 under the EDPs limited the vertical extent of soil 
sampling in this area to the top two ft.  Based on their presence above background levels in these 
shallow soils, vadose zone modeling was conducted for Sr-90, Cr-VI, Hg, and seven pesticides 
(Table 6-30).  Ground water data from downgradient well UCD1-13 (Figure 2-3) were also compared 
to background ground water data from well UCD1-18. 

The modeling results clearly indicate that ground water impact by Sr-90 in EDPs soil is very 
unlikely.  As shown on Table 6-30, a soil concentration of 1.72 x 1015 pCi/g would be needed to 
result in ground water impact at the 8 µg/l MCL, and the maximum soil concentration detected was 
0.164 pCi/g.  This result indicating lack of ground water impact is corroborated by the Sr-90 results 
for well UCD1-13 (Table 6-19).  

The DL modeling results indicate that Cr-VI in the EDPs soil should not impact ground water 
above background (Table 6-19).  However, Cr-VI is consistently detected above the 39 µg/l ground 
water background level in downgradient well UCD1-13 at concentrations ranging from 61 to 94 µg/l.  
Although well UCD1-13 is immediately downgradient of the EDPs, it is also immediately 
downgradient of UC Davis Landfill Disposal Unit 2 and the disposal trenches.  Based on the DL 
modeling results and the depth and nature of waste in the UC Davis Landfill and disposal trenches, 
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the Cr-VI detected in well UCD1-13 is probably the result of impact from these areas rather than 
from surface soil in the EDPs. 

Based on the DL modeling, Hg in EDPs soil may impact ground water above the MCL; 
however, this would not occur for several thousand years (Table 6-30).  Hg has not been detected in 
ground water from either background well UCD1-18 downgradient well UCD1-13 in the last six 
years.  

The DL modeling results indicate that any impact to ground water from the seven pesticides 
detected in EDPs soil would be expected to be several orders of magnitude below the MCLs and 
would not occur for thousands of years(Table 6-30).  None of these pesticides are detected in 
background well UCD1-18, and four of them (dichlorodiphenyl dichloroethane [DDD], 
dichlorodiphenyl dichloroethylene [DDE], dichlorodiphenyl trichloroethane [DDT] and PCB-1254) 
have never been detected in downgradient well UCD1-13.  Alpha chlordane, gamma chlordane, and 
dieldrin are detected periodically in well UCD1-13 at concentrations up to 0.016, 0.0071 and 0.03 
µg/l, respectively.  As with Cr-VI, based on the DL modeling results and the depth and nature of 
waste in UC Davis Landfill Disposal Unit 2 and disposal trenches, the chlordane and dieldrin 
detected in well UCD1-13 may be the result of impact from these areas rather than from surface soil 
in the EDPs. 

Based on the soil concentrations and vadose zone modeling, COCs in EDPs soil have not, 
and should not, have any significant impact on ground water. 

6.6 Southwest Trenches 

6.6.1 Description and Operations 

Between the late 1950s and early 1970s, LEHR-generated LLW, fecal material, and 
laboratory wastes were reportedly disposed in shallow pits and trenches at the SWT area (Figure 1-2) 
(D&M, 1993).  During that time period LEHR research focused on studying the health effects from 
chronic exposure to Ra-226 and Sr-90.  Disposal practices consisted of excavating a trench and 
placing laboratory waste along with dog pen gravel and soil in the trenches.  Laboratory waste 
consisted of syringes, vials, glass jars with unknown liquids and solids, animal bones, and other types 
of wastes.  The trenches were then backfilled with the excavated native soil.  In addition, part of the 
SWT area was used for treating dogs with chlordane for flea control.  Specifically, a storage shed in 
the southwest corner of the SWT area apparently contained chlordane for treating dogs nearby 
(Figure 6-24).   
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6.6.2 Pre-Removal Action Contaminant Distribution 

All pre-RA investigations in the SWT area are summarized in Table 6-31 and sample 
locations are shown on Figures 6-24 and 6-25.  The maximum reported concentrations of all 
constituents detected in soil and waste above background at the SWT area prior to the 1998 RA are 
presented in Table 6-32.  

The maximum reported pre-RA Ra-226 concentration of 7.06 pCi/g was detected in gravel 
sample LEHR-S-338 collected at 6.5 ft bgs.  The highest reported pre-RA Ra-226 soil concentration 
was 3.94 pCi/g.  The extent of the Ra-226 activity above background appeared to be confined to solid 
waste and soil within, and immediately below, the disposal trenches and pits (WA, 1998a). 

The maximum reported pre-RA Sr-90 concentration of 16,700 pCi/g was detected in sludge 
sample LEHR-S-340, collected at a depth of 6.5 ft bgs.  This sludge appeared localized and was 
removed and disposed off-site during the LFI.  The highest pre-RA Sr-90 soil concentration was 
22.3 pCi/g in sample LEHR-S-361 collected 14.5 ft bgs from beneath the largest disposal trench, T-6.  
Prior to the RA, the lateral extent of Sr-90 contamination in the SWT area did not appear to correlate 
with the waste disposal areas (WA, 1998a).   

The maximum reported chlordane soil concentration from the LFI was 3.6 mg/kg 
(3,600 µg/kg) in LEHR-S-484, collected from a depth of 3.5 ft bgs in the southwest corner of the Site 
(the suspected chlordane application area as shown in Figure 6-25).  Chlordane was detected at 2,000 
mg/kg in this area in a previous investigation and was likely the result of a spill.  However, shallow 
soil samples (LEHR-S-484, S-485, S-486) collected near the reported location of this sample 
contained far lower chlordane concentrations.  No consistent pattern of vertical attenuation of 
chlordane in soil was observed (WA, 1998a). 

The maximum reported pre-RA nitrate concentration of 390 mg/kg was detected in a soil 
sample LEHR-S-357, collected 14.4 ft bgs beneath Pit 2 (Figure 6-25).  The pre-RA data suggested 
that the nitrate contamination was laterally confined to the area within and surrounding the disposal 
trenches and pits.  The nitrate contamination did not appear to be vertically confined to the soil 
immediately beneath the waste trenches.  

The maximum reported pre-RA Cr-VI concentration of 1.2 mg/kg was detected in a surface 
soil sample collected from boring SB-19 (Figure 6-24).  The maximum reported pre-RA Hg 
concentration of 5.2 mg/kg was detected in soil sample LEHR-S-483, collected at three ft bgs along 
the southern edge of the SWT area (Figure 6-25).  The pre-RA Cr-VI and Hg data did not show any 
obvious contaminant distribution trends.  The maximum reported pre-RA Cs-137 activity of 23 pCi/g 
was detected in sample S-350 in Grid 7-9 at a depth of 0.5 ft bgs.  This activity far exceeded all other 
investigative sample results and the sample location was removed during the LFI.  Cs-137 appeared 
to be limited to surface soils and localized to the waste disposal trenches (WA, 1998e). 
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6.6.3 Removal Action Summary 

6.6.3.1 Removal Action Activities 

The SWT RA activities began in May 1998 and were completed by November 1998.  The 
SWT RA was conducted in accordance with the Final Work Plan for Removal Actions at Southwest 
Trenches, Ra/Sr Treatment Systems, and Domestic Septic System Areas (WA, 2000c) and is 
discussed in greater detail in the Final Southwest Trenches Area 1998 Removal Action Confirmation 
Report (WA, 2001e).  

The RA began in the southwest corner of the SWT area, where the chlordane contamination 
was identified.  The driver COC for this portion of the RA was chlordane.  In addition, as requested 
by the RPMs, the analytical program was expanded to include Ra-226, Cs-137, and Sr-90 
(WA, 2001e).  Following removal of the chlordane-impacted soil, soil and waste were removed from 
disposal cells in the SWT area.  The driver COCs for this phase of the RA and their respective RASs 
were chlordane (800 µg/kg), Hg (0.63 mg/kg), Cr-VI (3.8 mg/kg), nitrate (36 mg/kg), Ra-226 
(0.75 pCi/g) and Sr-90 (10 pCi/g).  To allow for real-time decision-making and in consideration of 
cost and time, screening samples used to guide the RA were analyzed for chlordane, nitrate, Ra-226, 
and Sr-90, but not Hg and Cr-VI.  Nitrate and Ra-226 were used as indicator compounds to represent 
the mobility of metals and to establish the lateral and vertical extent of contaminant migration. 

Historical site information indicated that chlordane had been used at the Site for flea control 
and had been detected in the shallow soil in the southwest corner of the SWT area.  Based on 
characterization sampling results, an excavation boundary was defined at the estimated RAS level 
around each “hot spot.”  An excavator removed contaminated soil to the limits shown in Figure 6-26.  
Excavated soil was placed in a front-end loader and transported to the WDPs aisles for stockpiling.  
A total of 450 cu yd of soil were shipped off-site for incineration and disposal at Safety Kleen of 
Utah. 

Prior to the RA, the location and orientation of the buried waste disposal cells were not well 
known.  Following removal of the chlordane-contaminated soil, two techniques were used to locate 
buried waste.  First, a backhoe was used to trench along grid lines (Figure 6-26) throughout the SWT 
area.  Then, a direct-push drilling rig was used to collect samples in the chlordane excavation area to 
define the lateral and vertical extent of two waste disposal cells.    

In the northern excavation area (Figure 6-26), 217 cu yd of waste were removed from three 
trench-shaped disposal cells.  Typical wastes in these trenches included gravel, syringes, and several 
glass jars. 

A total of 466 cu yd of waste was removed from the western excavation area.  The western 
excavations consisted of two parallel 10 to 12 ft deep trenches and a smaller shallow disposal pit. 
The waste in these trenches consisted predominantly of gravel mixed with glass jars, vials, syringes 
and other laboratory wastes.  Several animal bones and a crushed 30-gallon drum were also removed 
from the western excavations. 
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In the southern excavation area, a total of 190 cu yd of waste were removed during the RA.  
Waste in this area was not commingled with gravel; instead, isolated pockets of labware-dominated 
waste in a soil matrix were discovered.  For example, in the upper two ft, waste items consisted of 
trash such as cans, plastic bags, and Styrofoam cups.  However, a deeper layer of soil with vials, 
glass jars containing unknown liquids and solids, and bones was also observed.  Following 
completion of the waste removal activities and confirmation sampling, the SWT area was backfilled 
and compacted to grade with clean fill. 

6.6.3.2 Air Monitoring Results 

Air monitoring was conducted in the SWT area before, during and after the RA.  Statistical 
tests were run on these air monitoring data to determine if COC concentrations in air were 
distinguishable from background or exceeded regulatory limits.  A detailed description of the 
sampling and analysis, statistical test methods and results are presented in Appendix D of this report.  
Statistical analysis of on-site air monitoring data collected during the SWT RA indicates that ambient 
air concentrations did not exceed background or applicable regulatory standards. 

6.6.4 Post-Removal Action Contaminant Distribution 

In the northeastern portion of the SWT, a near-surface layer of gravel approximately 18 
inches deep was observed.  Subsurface cobble trenches were also noted in the eastern portion of the 
site.  The cobbles measured two to three inches in diameter and appeared to represent a drainage 
structure.  The top of the cobble trench was approximately 18 inches bgs and measured 1 to 2  ft  in 
width and depth..  Since no waste items had been noted in this area and the field instrumentation did 
not indicate the presence of contaminants, these features were not removed (WA, 2001e).  Rather, a 
sampling plan was prepared to characterize the cobble features and the soil beneath.  Eighteen soil 
samples were collected beneath the cobbles and gravel (Figure 6-27).  In addition, 10 cobble samples 
and one field duplicate were collected.  Soil samples were collected six inches into the native soil at 
depths ranging from 2.0 ft bgs to 4.5 ft bgs.  Cobbles were selected from depths of 1.5 to 3 ft either 
randomly or based on visual observation and sent to an off-site laboratory for preparation, which 
included shaving and grinding the surface of the cobble and analyzing the removed material. 

Table 6-33 presents the soil analytical results for the driver COCs.  The 18 soil samples were 
also analyzed on-site for Ra-226 and Sr-90.  None of the 18 soil samples analyzed for nitrate, Cr-VI, 
Hg, Ra-226, Sr-90 and chlordane contained concentrations greater than the RASs.  Hg was detected 
above the RAS of 3.1 mg/kg in 1 soil sample, at a maximum concentration of 3.23 mg/kg.  This RAS 
of 3.1 mg/kg is higher than the 0.63 mg/kg RAS (background level) used during the RA because the 
Hg RBAS for SWT area was recalculated as part of the Final Southwest Trenches Area 1998 
Removal Action Confirmation Report (WA, 2001e).  This Hg RBAS was recalculated because 
speciation analyses indicate that Hg in LEHR soil is >99% mercuric sulfide, which is significantly 
less mobile and less toxic than the forms of Hg assumed in the original RBAS (WA, 2001e). 

Cobble samples were analyzed at an off-site laboratory for driver COCs, gross alpha/beta and 
gamma spectrometry using standard US EPA methods.  Table 6-33 presents the cobble sampling 
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analytical results for the driver COCs.  None of the 11 cobble samples analyzed for nitrate, Cr-VI, 
Ra-226 and Sr-90 contained concentrations greater than the RASs.  Chlordane was detected above 
the 800 µg/kg RAS in one duplicate sample at a concentration of 3,590 µg/kg. 

Following the removal of chlordane-impacted soil, a total of 19 confirmation samples 
(including two field duplicates) were collected from the chlordane excavation.  The objective of this 
sampling was to ensure attainment of the chlordane cleanup goal using a statistically-based sampling 
design (WA, 2001e).  The confirmation samples were collected at depths ranging from 0.5 to 4 ft bgs 
and were analyzed for pesticides/PCBs.  The chlordane excavation confirmation sample locations are 
shown on Figure 6-28 and the analytical results are summarized on Table 6-34.  Gamma chlordane, 
heptachlor, and heptachlor epoxide were the only constituents detected above the reporting limit.  
Heptachlor epoxide at 3.8 µg/kg was the only constituent detected above the RAS. 

A total of 70 confirmation samples (including seven field duplicates) were collected from the 
northern, western and southern excavations at depths ranging from 2 to 13 ft bgs (Figure 6-29).  All 
of the samples were analyzed for a full suite of COCs and the analytical results are summarized in 
Table 6-35.  Of the 178 analytes, 28 were detected above background concentrations in one or more 
samples.  Of those analytes statistically above background, only Hg in one or more samples was 
above its lowest RBAS, iron and K-40 were above background and the residential PRG;  K-40 was 
the only constituent above background in the statistical tests and the industrial PRGs. 

The maximum Ra-226 concentration of 0.76 pCi/g was detected in sample SSTC046 
collected 12 ft bgs.  The maximum Sr-90 concentration of 7.91 pCi/g was detected in sample 
SSDTC020, collected at three ft bgs from the southern side wall of the southern excavation area.  The 
maximum reported Hg concentration of 6.1 mg/kg was detected in sample SSTC069, collected four 
ft bgs from the eastern side wall of the northern excavation area.  The maximum reported Cr-VI 
concentration of 1.06 mg/kg was detected in sample SSDTC052, collected four ft bgs from the 
western side wall of trench W-10 (Figure 6-29).  The maximum reported alpha and gamma chlordane 
concentrations at 110 and 94.8 µg/kg, respectively, were detected in sample SSDTC058DL1, 
collected four ft bgs from the northern excavation area. 

The confirmation sample data indicate that all chlordane, Sr-90 and Cr-VI contamination 
above the RASs has been removed.  Sample SSTC046 was the only sample with a Ra-226 
concentration above the RAS.  This sample was only 0.01 pCi/g above the 0.75 pCi/g Ra-226 RAS.  
Therefore, the confirmation data suggest that the Ra-226 contamination has been removed.   

The confirmation sample data are evaluated in detail in the Final Southwest Trenches Area 
1998 Removal Action Confirmation Report (WA, 2001e).  This evaluation included a human health 
risk analysis based on the site-specific lowest RBAS and a DL analysis.  Background comparisons 
(WRS and Quantile Tests) were conducted on the antimony, barium, copper, Pb, manganese, Ra-226, 
Th-228, and, Th-232 confirmation data sets.  All of these constituents passed their respective 
background comparisons and were removed from the human health risk analysis.  The human health 
risk analysis indicated that the RA activities reduced the cumulative cancer risk to a nominal range of 
10-4 to 10-6.  The risk analysis determined that the cumulative non-cancer HQ was reduced below 1.0.  
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A Hot Measurement Analysis was also conducted on the SWT confirmation data.  One Cs-137 
detection exceeded the Hot Measurement Upper Limit.   

The preliminary DL analysis determined that nitrate, Hg, C-14, Cs-137 and tritium should be 
retained as DL COCs.  Nitrate was detected above the detection limit in 40 confirmation samples, 18 
of which were above the RAS.  Confirmation sample SSDTC082 had the maximum nitrate 
concentration of 909 mg/kg. This sample was collected at a depth of 12 ft bgs in the western 
excavation area.  Additional nitrate delineation sampling was performed to define its vertical and 
lateral extents.  Nitrate concentrations decreased with increasing depth, with the maximum detected 
values found at 10 to 15 ft bgs.  Based on this investigation, the mass of nitrate in soil above the 
background level of 36 mg/kg in the SWT area was calculated as 950 pounds (WA, 2001e). The 
nitrate concentration contours in the 12 to 15 ft depth interval and the vertical nitrate distribution in 
the SWT area are shown on Figures 6-30 and 6-31, respectively.   

Two confirmation samples had Hg concentrations greater than the 3.1 mg/kg RAS.  
Confirmation sample SSDTC069 had the maximum Hg concentration of 6.1 mg/kg.  This sample 
was collected at four ft bgs in the northern excavation area. 

As described in the Designated-Level Sampling and Analysis Plan for the Southwest 
Trenches (WA, 1999b), six soil borings were drilled and sampled in the SWT area to provide 
additional information on the vertical distribution of Cs-137, C-14, and tritium in soil.  The two 
locations with the highest and second highest activities for each of these three constituents, as 
indicated by the confirmation sample analytical data, were selected for drilling (Figure 6-32).  
Samples were collected every five ft, starting at ten ft bgs.  The deepest samples collected for tritium 
and Cs-137 analysis were from 30 ft bgs, and the deepest samples collected for C-14 analysis were at 
45 ft bgs. 

The analytical results for these samples are presented in Table 6-36.  Tritium results were 
below the LEHR background level of 1.2 pCi/g in all samples from both borings, with no obvious 
activity trend with depth.  C-14 activities in boring DL-3 were above the LEHR background level of 
0.13 pCi/g at all depths, with a generally decreasing activity trend with depth.  This boring is located 
in the UC Davis trench disposal area instead of the SWT area (Figure 6-32).  The UC Davis trench 
disposal area is believed to extend into and across the southern boundary of the SWT area.  In boring 
DL-4, the sample from 10 ft bgs had a C-14 activity of 0.352 pCi/g.  All deeper samples had lower 
C-14 activities that showed no trend with depth and were near or below the background activity.  All 
Cs-137 activities at all depths in both DL borings were below the 0.012 pCi/g background level.   

The data collected during the DL sampling were used in vadose zone modeling to determine 
the potential adverse impacts to ground water at the Site.  In response to RPM comments on the Draft 
RI, a follow-up DL analysis and vadose zone modeling were conducted using all validated data with 
accurate x,y,z coordinates that represent remaining (i.e., not excavated) material (see Section 4.3).  
All of these modeling results are discussed below. 
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6.6.5 Ground Water Impact Evaluation 

As described above, the SWT area COCs identified from the confirmation data DL screening 
that could potentially impact ground water are Cs-137, C-14, tritium, Hg, and nitrate.  Additional 
COCs identified through a second round of DL screening that considered all data that represent 
remaining (i.e., not excavated) material include Am-241, Sr-90, Cr-VI and zinc.  DL modeling was 
conducted for these COCs, and the results were compared to actual soil sampling results.  In addition, 
actual impact to ground water was assessed by comparing concentrations in SWT area well UCD1-4 
and nearby downgradient well UCD1-23 (Figure 2-3) with background water concentrations from 
UCD1-18.  Results of this evaluation are presented in Table 6-37. 

As discussed in Section 6.6.4, above-background C-14 soil activity may extend to the water 
table (as assumed in the DL modeling) in only one isolated area near boring DL-3.  As noted above, 
this boring is located in the UC Davis trench disposal area instead of the SWT area, and therefore the 
contamination is probably not DOE’s responsibility.  Because C-14 soil activity in excess of 
background was detected at all depths to the water table in this boring, it appears likely that C-14 in 
soil in this area has impacted, or will impact, ground water above background levels.  Because C-14 
soil activity in six of the nine samples from DL-3 also exceeded the 0.292 pCi/g modeling result for 
MCL impact, local ground water impact may also exceed the MCL.  However, because these above-
background C-14 activities appear to be limited to a very small area and the DL modeling is very 
conservative, this potential ground water impact is likely insignificant.  This conclusion is supported 
by the C-14 activity measured in ground water from downgradient well UCD1-23, which was 
approximately an order of magnitude less than the 2,000 pCi/l MCL in samples collected prior to the 
RA in 1998.  Since the RA in 1998, C-14 activities in this well have decreased below the 20 pCi/l 
detection limit. 

The DL modeling results for Cs-137, Am-241, and Sr-90 indicate that their presence in low 
activities in SWT soil presents no significant risk to ground water (Table 6-37).  The modeling 
results indicate that activities at least two orders of magnitude higher than the maxima detected in 
SWT soil would be needed to impact ground water above background, and significantly higher 
concentrations would be needed to impact above MCLs.  Ground water data from nearby wells 
UCD1-4 and UCD1-23 confirm the lack of impact by these COCs. 

The maximum tritium activity detected in SWT confirmation soil samples was 5.2 pCi/g, and 
the RME activity was 0.76 pCi/g.  The tritium activities detected in all soil samples from the two DL 
borings were lower than both the LEHR background level of 1.20 pCi/g and this RME activity.  
Based on the DL modeling results (Table 6-37), it appears that tritium in SWT area soil would have 
very limited impact on ground water beyond that due to background soil, and that any impact likely 
would be well below the 20,000 pCi/l MCL.  Ground water samples from SWT area well UCD1-4 
and downgradient well UCD1-23 have not been analyzed for tritium in the last six years. 

The DL modeling results indicate that nitrate remaining in SWT area soil could impact 
ground water above the 10 mg/l nitrate (as nitrogen) MCL and 25 mg/l background level 
(Table 6-37).  However, nitrate in wells within and just downgradient of the SWT area show nitrate 
levels ranging from 1.3 to 11 mg/l, lower than the 25 mg/l background.  To put into perspective the 
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potential additional impact to ground water represented by nitrate above background in the SWT area 
soil, the mass of this nitrate was calculated as 950 pounds (Section 6.6.4).  The mass of nitrate in one 
acre of vadose zone (assumed to be 20 ft thick) at the average background concentration of 
12.4 mg/kg is approximately 1,100 pounds (WA, 2001e).  Agriculture in the UC Davis area 
discharges an estimated 17,000 pounds of nitrate (as nitrogen) per year to ground water, and the UC 
Davis outfall has historically discharged 36,500 pounds of nitrate as nitrogen per year to Putah Creek 
(D&M, 1990b).  Therefore, the potential impact to ground water from nitrate remaining in SWT soil 
is not significant compared to these regional nitrate impacts. 

The DL modeling results indicate that Hg remaining in SWT area soil could impact ground 
water above background, and could potentially result in a localized impact above the MCL.  
However, the time until peak impact is approximately 5,000 years (Table 6-37).  Although Hg was 
detected at 0.61 µg/l in downgradient well UCD1-23 in 1995, it has not been detected above the 
detection limit (<0.20 µg/l) since then.  Hg has never been detected in upgradient well UCD1-18. 

The DL modeling indicates that localized zinc remaining in SWT soil could potentially 
impact ground water above background, and that Cr-VI could potentially impact local ground water 
slightly above background and the MCL (Table 6-37).  However, actual ground water data from 
wells UCD1-4 and UCD1-23 do not show above-background impact by either of these COCs. 

Based on all data representative of soil remaining in the SWT area and DL modeling results, 
tritium, nitrate, Cr-VI, and zinc may impact local ground water above background within the next 
several thousand years.  Nitrate and Cr-VI may also impact local ground water above the MCL.  
However, based on actual ground water data from the SWT area, there is no evidence of above-
background impact to ground water by any of these COCs (Table 6-37). 

6.7 DOE Box 

6.7.1 Description and Operations 

Approximately 55 cu yd of LLW were disposed in a 36 ft by 9 ft by 10 ft on-site trench 
known as the DOE Box (Figure 1-2).  The DOE Box was a repository used by the LEHR facility for 
disposal of miscellaneous LLW associated with research including syringes, bottles, vials and gravel.  
The DOE Box Investigations are presented in Table 6-38. 

6.7.2 Removal Action Summary 

In 1996, a time-critical RA was conducted at the DOE Box area through a CERCLA time-
critical RA memorandum (DOE/OAK, 1996).  A backhoe was used to excavate a series of trenches 
to determine the location of the DOE Box.  The trenching activities did not find any evidence of an 
actual box buried beneath the surface, but did locate gravel and labware in an area where such items 
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were thought to have been disposed.  The excavation at the DOE Box area was approximately 40 ft 
by 12 ft by 10 ft deep.  The waste matrix was encountered two to three ft bgs, beneath a layer of 
gravel/soil overburden.  Deteriorated plywood was found over and on the sides of the trench.   

During the 1996 time-critical RA, approximately 110 cu yd of waste were removed from the 
DOE Box area.  This waste was containerized in 33 B-25 boxes.  The waste matrix included soil, 
gravel, steel runway matting, plywood, syringes, bottles and vials.  Seventy-two bottles containing 
between two ounces and one gallon of unidentified fluids were recovered from the north end of the 
excavation.  Although most of these bottles appeared to be intact, 11 bottles showed signs of leakage.  
Following removal of the waste matrix, the area was over-excavated to remove approximately six 
inches of native soil from the excavation bottom and side walls.  Waste characterization sample 
analytical results collected from the waste matrix during the RA are summarized in Table 6-39.  Nine 
soil samples were then collected from the native soil along the excavation side walls and bottom.  
The excavation was lined with a 20-mil high density polyethylene liner and backfilled with clean fill.  
The DOE Box area waste was shipped to the DOE Hanford site for disposal. 

6.7.3 Post-Removal Action Contaminant Distribution 

Following the 1996 time-critical RA, confirmation samples were collected from the 
excavation.  The majority of the confirmation sample radionuclide concentrations were below their 
respective minimum detectable activities.  There were no radionuclides detected at concentrations 
significantly above their respective background and/or lowest RBAS values.  However, the 
confirmation sampling plan design was not statistically-based and the confirmation samples were 
analyzed for a limited suite of analytes.  The Sampling and Analysis Plan for the DOE Disposal Box 
Area Confirmation Data Gaps at the Laboratory for Energy-Related Health Research (WA, 2001f) 
was designed to obtain sufficient data for proper closure of the DOE Box area.  The additional 
sampling was conducted in the spring of 2002.  The analytical results from this sampling event are 
discussed below. 

Thirty samples and three field duplicates were collected from the DOE Box area during the 
closure sampling.  Nine soil samples were analyzed for a full suite of parameters and 21 were 
analyzed for a limited suite including cadmium, total chromium, Cr-VI, Hg and nitrate.  The 
confirmation sample locations are shown on Figure 6-33.  Of the 189 analytes, 15 were detected 
above their respective background concentration in one or more samples.  Of those analytes 
statistically above background, only Hg was above its lowest RBAS concentration; no constituents 
were above their respective residential or industrial soil PRGs.  The closure sample analytical results 
for samples with concentrations above background, PRGs and/or RBAS are summarized in Table 6-
40. 

Eleven Hg results ranging from 0.25 to 3.9 mg/kg exceeded both background and the lowest 
RBAS.  The maximum reported Hg concentration, 3.9 mg/kg, was detected in sample SSDBC006, 
which was collected 4.4 ft bgs from the eastern sidewall.  All of the Cr-VI results from the closure 
sampling were above the background concentration of 0.054 mg/kg, but below the lowest RBAS of 
3.8 mg/kg. 
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A human health risk analysis and DL analysis were conducted on the DOE Box closure 
sample results and are discussed in detail in Appendix F.  Background Comparisons (WRS and 
Quantile Tests) were conducted on barium, copper, Pb, manganese, Hg and Th-232 closure sampling 
data sets.  All of these constituents passed their respective background comparisons and were 
removed from the human health risk analysis.  The human health risk analysis indicated that the 
cumulative cancer risk at the DOE Box area is below 10-6 for Exposure Scenarios 1 and 2.  The 
cumulative cancer risk for Scenario 2 is below 10-5.  The risk analysis also determined that the 
cumulative non-cancer RBAS HQ was 4.30 for the DOE Box Area, with Hg contributing 3.95 to this 
cumulative ratio. Hg was the only COC that failed a Hot Measurement Analysis of the contamination 
data. 

The preliminary DOE Box Area DL analysis identified that Cr-VI, Hg, molybdenum, and U-
235/236 required additional evaluation (WA, 2002d) for potential ground water impact.  In October 
2002, DL samples were collected from the DOE Box area.  Samples were collected from DL boring 
DB-DL1 (Figure 6-33) at the location of sample SSDBC009/010 and analyzed for Hg, molybdenum 
and Cr-VI.  Sample SSDBC009/010 had the second highest Hg concentration in the DOE Disposal 
Box Area, 2.6 mg/kg, and the third highest Cr-VI concentration, 0.446 mg/kg.  No molybdenum data 
were collected from this location; however, the second highest molybdenum concentration, 0.53 
mg/kg, was detected in a sample collected approximately five ft north of sample location 
SSDBC009/010.  The Hg, molybdenum and Cr-VI data show no concentration distribution trends 
that indicate a release of contamination.  Therefore, sampling for these metals from one boring 
location was justified.  Sample SSDBC035 had the highest U-235/236 concentration0.074 pCi/g.  
Therefore, DL boring, DB-DL2 (Figure 6-33) was drilled at this sample location.  Soil samples were 
collected from each DL boring at five-ft intervals for DL COCs, with the first sample collected 
approximately five ft below the original sample depth of 5.5 ft bgs.  Samples were collected to 35 
and 35.5 ft bgs for DL borings DB-DL 1 and DB-DL 2, respectively. 

Ground water samples were collected from borings DB-DL1 and DB-DL2 when ground 
water was encountered  at 50 and 49 ft bgs, respectively.  The ground water samples were analyzed 
for metals, radionuclides, SVOC, SVOCs, pesticides, nitrate, and Cr-VI.  In addition, the first two 
soil samples collected from boring DB-DL1 were analyzed for Hg, molybdenum and Cr-VI using the 
DI WET procedure. 

DL boring soil results are presented in Table 6-41.  All DL boring Hg results were below the 
background level and all molybdenum results were below the detection limit.  All DL boring samples 
except the deepest, 35-ft bgs sample had above-background Cr-VI concentrations, and all samples 
contained above-background U-235/236 concentrations.  The maximum Cr-VI concentration was 
0.244 mg/kg at 25 ft bgs (background is 0.054 mg/kg) and the maximum U-235/236 concentration 
was 0.0671 pCi/g at 25.5 ft bgs (background is 0.038 pCi/g).  None of the DL analytes showed a 
concentration trend with depth. 
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6.7.4 Ground Water Impacts 

DI WET results for DOE Box soil samples from boring DB-DL1 are shown in Table J-11 of 
Appendix J.  The DI WET results were directly compared to three water quality goals (background, 
MCLs, and tap water PRGs) to determine the soil’s potential to degrade water quality.  As described 
in Section 6.3.2.2, this assumes an attenuation factor of ten. 

The DI WET results were first compared to background.  The maximum detected 
concentration of each constituent detected in HSU 1 ground water well UCD1-18, located upgradient 
of the LEHR site, was used as the background concentration.  None of the detected COCs were 
above background.  Therefore, no additional evaluation of the DI WET results was needed.   

A ground water sample was collected from the two DL borings in the DOE Box area (Figure 
6-33).  Table J-12 of Appendix J presents the analytical results for this sample that were above 
detection limits. The ground water samples were compared to background, MCLs and PRGs.  
Twenty-four of 33 COCs were detected above their respective background levels in one or more 
samples.  Of these, barium, manganese, Hg, nickel, thallium, actinium-228, bismuth-212 (Bi-212), 
Pb-212, Pb-214, and K-40 were above their respective MCL and/or PRG.  One COC without an 
established background level, gross alpha, also was detected above its MCL.  The ground water 
samples from the DOE Box area were collected from a borehole, not from a properly completed 
ground water well.  The sample contained sediment soil particles and was not filtered in the field or 
in the laboratory. Therefore, these ground water results represent overestimates of the  actual ground 
water concentrations in this area. 

DOE Box soil sampling data indicate that Cr-VI, Hg, molybdenum, and U-235/236 were 
present above background and therefore required modeling to further assess potential ground water 
impact.  DL modeling results (Table 6-42) indicate that the residual Cr-VI and U-235/236 in soil in 
the DOE Box area will not impact ground water above the background level or MCL.  Although 
above-background concentrations of Cr-VI are detected in the nearest downgradient well (UCD1-
12), this well is over 400 ft from the DOE Box and ground water in this area is known to be impacted 
by other sources. 

The modeling results indicate that Hg and molybdenum remaining in DOE Box area soil 
might impact ground water above background, and that Hg may also impact local ground water 
above its MCL.  However, modeling indicates that the peak concentrations for Hg and molybdenum 
will not occur for 3,840 and 1,488 years, respectively. (Table 6-42).  Hg and molybdenum 
concentrations in the nearest downgradient well are at or below background levels. 

In summary, DOE Box soil results, DL modeling, and DI WET analyses suggest that any 
COCs remaining in the DOE Box area soil are unlikely to impact ground water above background for 
at least the next 1,000 years. 
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6.8 Storm Water, Surface Water and Sediment Investigations  

6.8.1 Storm Water Monitoring 

As discussed in Section 2.3.4.1, storm water samples are collected from LS-1, located on the 
west side of the Site, which pumps runoff from much of the western part of the Site (Figure 2-4).  
LS-1 pumps water into the drainage ditch along the eastern edge of Old Davis Road, and the water 
then flows through one of two culverts that run under Old Davis Road.  The drainage ditch on the 
west side of Old Davis Road is graded so that the storm water flows south toward Putah Creek. 

Currently there is no flow meter at LS-1 or at the location where water from LS-1 discharges 
to the creek, and the volume of storm water runoff from the LEHR Federal Facility that actually 
discharges to Putah Creek has not been gauged.  Because of this, it is difficult to assess the actual 
impact that COCs in storm water runoff from the LEHR Federal Facility may have on the creek.  
Much of the storm water may infiltrate prior to reaching Putah Creek.  However, to be conservative, 
the storm water runoff data are compared directly to aquatic life protective criteria and MCLs.  The 
aquatic life protective criteria discussed below are the lowest fresh water criteria from a compilation 
of US EPA and California criteria in Application of Risk-Based Screening Levels and Decision 
Making to Sites with Impacted Soil and Groundwater (CRWQCB, 2000). 

Between 1997 and January 2001, antimony, barium, copper, dieldrin, heptachlor, Pb, Hg, 
molybdenum, zinc and 4,4'-DDT were detected above the lowest aquatic life protection criteria in 
one or more samples of LEHR Federal Facility storm water.  All of the metals detected are naturally 
occurring and may not be associated with DOE-funded LEHR research.  Similarly, there are potential 
pesticide sources (agricultural and sanitary waste water) other than those related to the LEHR Federal 
Facility.  In January and November 2001, the storm water samples collected from LS-1 were 
analyzed for “low-level” analysis by EPA Method 1631.  The Hg concentrations from the January 
and November samples were 0.264 µg/l and 0.540 µg/l, respectively.  Both of these concentrations 
exceed the lowest aquatic life protection criterion for Hg of 0.012 µg/l.  

Between 1996 and January 2001, the driver COCs for all of the RAs at the LEHR Federal 
Facility were not detected in storm water samples collected from LS-1 at concentrations that exceed 
their respective MCLs.  The naturally occurring metals antimony, chromium, iron, Pb, manganese 
and nickel were detected at concentrations exceeding their respective MCLs at one or more locations 
in the winter 1996 and spring 1997 samplings.  However, these samples were not filtered prior to 
field preservation, resulting in dissolution of suspended materials and anomalously high 
concentrations of some metals. In 2000, antimony was detected at concentrations up to 22.6 mg/l in 
LS-1, exceeding the 6 mg/l MCL.  The antimony concentration are consistent with previous years 
(WA, 2001j).  No other constituents have been detected at concentrations above their respective 
MCLs in storm water samples collected from LS-1 between 1996 and January 2001.  
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6.8.2 Putah Creek Investigations 

As indicated in Section 2.3.4, surface water, storm water and limited sediment/biota sampling 
have been conducted for several years to determine if the activities at the LEHR Site have impacted 
Putah Creek.   

A study completed on the sediments, water and fish in 1996 by ATSDR found that the: 

• Sediments, in general, did not contain elevated radionuclide, metal or organic 
concentrations compared to background, except for one area with elevated Hg in 
the sediments; 

• Creek water did not contain elevated radionuclide, metal or organic 
concentrations compared to background; and,  

• Fish had elevated concentrations of Hg-203, Hg, and Pb.   

One area with elevated Hg in the sediments could be the source of Hg in the fish.  The 
potential dose of radiation from Hg-203 by eating the fish from Putah Creek does not present a health 
hazard.  However, the potential doses of Hg and Pb by eating fish from Putah Creek does pose a 
possible health hazard (ATSDR, 1997).  Conclusions about the source or sources of Hg and Pb were 
not drawn from the ATSDR study. 

Hg-203 is not currently analyzed in samples collected from either storm water or surface 
water. Hg has been detected up to 0.540 µg/l and Pb has been detected up to 3.5 µg/l in storm water 
collected from LS-1, but it is not clear whether these metals result from LEHR Federal Facility 
activities or are naturally occurring. 

6.8.3 Off-Site Cesium-137 Investigation 

As discussed in Section 2.3.4.3, an off-site Cs-137 investigation was conducted in 1998 
because Cs-137 was detected in 1996 and 1997 investigations at levels that equal or exceed the 
lowest RBAS in surficial soil samples collected from a drainage ditch on the western side of LEHR.  
The 1996-7 investigations were conducted because of concern that overflows from the Ra-226 
Treatment System may have impacted shallow soil in the drainage area.   

The 1998 investigation, which included a surface gamma radiation survey and laboratory 
analysis of 47 soil samples, indicated that: 

• Cs-137 concentrations detected in samples collected from the drainage ditch 
were within the range reported by others for activities associated with global 
fallout from atmospheric nuclear testing for this area; 

• Cs-137 activities measured in areas of the drainage ditch potentially impacted by 
Ra-226 treatment system overflows are comparable to those measured in the 
distant (background) storm water runoff ditch;  and, 
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• Potential human health risks from the Cs-137 found in the ditch appear to fall 
within the 10-4 to 10-6 excess upper bound lifetime cancer risk range 
(WA, 1999f). 

Therefore, no further investigation of Cs-137 is warranted. 

6.9 Air Monitoring 

Air sampling is not required under the Site Environmental Monitoring and Surveillance Plan 
(EMO, 1992) since LEHR does not have any active air effluent discharges from DOE-funded 
research activities.  However, a year-long baseline air monitoring program was implemented by 
PNNL in August 1995, primarily to meet CERCLA requirements and to support an accurate and 
complete risk assessment for the LEHR Site. 

The results of the baseline air monitoring program indicate that concentrations in air of the 
measured radionuclides, metals, VOCs, and chlordane are similar to those at the background 
locations (Figure 2-5), and that all levels are well below DOE and/or US EPA standards (PNNL, 
1996a).  Following the baseline study, PNNL conducted bi-monthly monitoring for gross alpha and 
beta.  WA continued the bi-monthly monitoring after assuming the air monitoring responsibilities in 
early 1997.  In June 1998, WA modified the air sampling program to monitor for potential COC 
releases into ambient air as a result of RA activities.   

RAs were conducted at the LEHR Federal Facility in 1998, 1999, 2000 and 2001 at the SWT 
Area, Ra/Sr Treatment Systems Area I, the Ra/Sr Treatment Systems Area II and WDPs, 
respectively.  The RA air monitoring program consisted of air sampling before, during and after each 
RA.  Following the SWT RA, air monitoring was no longer conducted during non-RA time periods.  
The RA air monitoring program included a baseline sample collected prior to each RA, monthly 
sampling during the RA, and a follow-up sampling event after the RAs were completed.  The 
analytical suite for the RA air monitoring program was based on the soil COCs in each RA area. 
AML-7, the mobile air monitoring station, was moved prior to each RA to an area downwind of each 
RA (Figure 2-5). 

The overall reduction in air monitoring is justified for the following reasons: 

• There are no longer any point sources of radionuclide emissions at the LEHR 
Federal Facility. 

• The only potential radionuclide air emission sources at the LEHR Federal 
Facility in 1998 were limited to four areas of potential windblown, fugitive dust 
emissions: the SWT area; the Ra/Sr Treatment Systems area; the EDPs area, and 
the WDPs area.  Fugitive dust emissions have the greatest potential for 
increasing during RA events that include excavation and movement of soil in 
one of these four areas.   
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APPENDIX A 

DATA QUALITY EVALUATION 
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APPENDIX B 

2001 DOMESTIC SEPTIC SYSTEM INVESTIGATIONS  
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APPENDIX C 

DESIGNATED-LEVEL SCREENING FOR DOMESTIC SEPTIC SYSTEMS  
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APPENDIX D 

AIR MONITORING  



DOE Areas Remedial Investigation Report  
LEHR Environmental Restoration / Waste Management  Rev. 0  9/18/03 
DOE Contract No. DE-AC03-96SF20686  
 

J:\DOE\4007\110\RI_PLAN\0918_REV0\0918RIR.DOC WEISS ASSOCIATES Project Number:  128-4107 

APPENDIX E 

LEHR FEDERAL FACILITY REMEDIAL INVESTIGATION ANALYTICAL 
DATA 
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APPENDIX F 

DOE BOX DATA EVALUATION 
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APPENDIX G 

NON-ISOTHERMAL UNSATURATED-SATURATED FLOW AND 
TRANSPORT MODEL INPUT PARAMETERS AND MODELING RESULTS 

FOR THE DOE AREAS 
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APPENDIX H 

PHASE A DESIGNATED-LEVEL SUMMARY TABLES FOR 
RADIUM/STRONTIUM TREATMENT SYSTEMS AND SOUTHWEST 

TRENCHES AREAS 
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APPENDIX I 

MAXIMUM CONCENTRATION OF THE CONSTITUENTS OF CONCERN 
DETECTED ABOVE BACKGROUND IN THE WASTE 

CHARACTERIZATION DATA FOR EACH AREA 



DOE Areas Remedial Investigation Report  
LEHR Environmental Restoration / Waste Management  Rev. 0  9/18/03 
DOE Contract No. DE-AC03-96SF20686  
 

J:\DOE\4007\110\RI_PLAN\0918_REV0\0918RIR.DOC WEISS ASSOCIATES Project Number:  128-4107 

APPENDIX J 

DEIONIZED WATER WASTE EXTRACTION TEST AND GRAB GROUND 
WATER RESULTS FOR THE DOMESTIC SEPTIC SYSTEMS AND DOE BOX 

AREAS DESIGNATED-LEVEL SAMPLING 


